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Abs trao t 

This repor t  descr ibes  the  equipment set up i n  1945 a t  t h e  National Bureau 
of Standards t o  generate standard microwave frequencies and t o  make nbrowave 
frequency measurements, teats  and ca l ib ra t ions  . A l l  frequencies a r e  derived 
from, or measured d i r e c t l y ,  i n  terms of  the National primary standard of fre- 
quency, t he  absolute aacuraoy of which is  known a t  a l l  times t o  bet ter  than 
1 p a r t  i n  100 mill ion.  Highly constant  o s o i l l a t o r s  of narrow tuning range are 
mixed w i t h  t h e  mult ipl ied standard frequencies making ava i lab le  an 8$ band- 
width a t  output aentar  frequencies of 2907, 89.1, 267.3 and 801.9 Mc/8. 
i c s  of these output frequenaies,  generated by s i l i con -c rys t a l  mul t ip l ie rs ,  give 
oontinuous coverage of L\e range from 342 t o  somewhat above 30,000 Mc/s with a 
known aocuracy of 1 p a r t  i n  10 mi l l ion  or  b e t t e r .  In t h i s  range a t o t a l  of over 
870 f b e d  frequencies of approximately I.$ separat ion,  e n t i  r e l y  generated from 
the primary standard snd aocurate t o  1 p a r t  i n  100 mil l ion,  are a l so  made ava i l -  
able.  
a shielded.room, 
than t h a t  of the reference frequenoies, being l imi ted  by the operating baed-pa88 
c h a r a c t e r i s t i c  and d i a l  mechanism f o r  frequency meters, or by the sho r t  time 
frequency changes of o s c i l l a t o r s  under test .  
maintenance of the  equipment are given. Detailed descr ipt ions,  c i r c u i t  d iagram 
and photographs of the ind iv idua l  un i t s  are a lso  included, 

Harmon- 

Measurements are normally made at control led temperature and humidity i n  
Absolute accuracy of ca l ib ra t ion  i s  usua l ly  considerably less 

Ins t ruc t ions  i n  the  operation and 
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a. Description 
b. Operation and service ins t ruot ions  
a. Par t s  l i s t  
d . I 1 1 us t r  a c i  on8 

1. Frequency mul t ip l ie r ;  output 7.5 Ma/s 
< . 2 *  Frequency converter-multiplier;  output 28.6 t o  30.9 Ma/s 

3,. Adj~~stable-frequency osc i l l a to r s3  2.0 t o  284 &/a and 2.4 t o  2.8 Mo/s 
48 Three-stage frequena mul t ip l ie r ;  output6 86.6 t o  92.7 &/a, 

5, Distr ibut ion amplif ier ;  100 kc/s 
6. 
7 .  Requency mul t ip l ie r  and d u a l  froquenoy oonverteri  outputs 1600 t o  

8. 

9. Harmonio series generator 

256.5 t o  278.1 M o ~ ;  769.6 to 834.3 MO/s 

Adjustable-frequency o s c i l l a t o r j  500 t o  600 ko/s 

3000 kC/S, 1000 t o  2000 kc/S, 2000 t o  3000 ko/S 
Decade frequency generator; outputs a t  100-ko i n t e rva l s  from 100 t o  
1003 kc/s 

10. Audio-frequency in te rpola t ion  o s a i l l a t o r  
11. 
12, Wide-band oscil losoope 
13. 

Multi-band receiver and monitoring speaker 

Fraquenoy d iv ider ;  100 ko/s t o  10 kc/8 t o  1 ko/s t o  0.1 ko/a 

I1 lus trati on8 

Fig. 

Fig.  
Fig. 
Fig. 
Fig. 
Fig. 

Fig e 

1. 

2. 
3.  
4. 
5. 
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7. 

a. 
9. 
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Block schematic of microwave frequenoy equipment a t  National Bureau of 

Frequency i n  Mc/s output of s i  l ioon-orystal  f r e q w n c y  mul t ip l i e r  
Biagram of rack and panel arrangement of equipment 
Diagram of shielded room and raok wiring 
Photograph of complete miorowewe frequenoy standard 
Photograph o f  complete microwave frequenoy standard with aonnecting 

Photograph of spectrum analyzer,  frequenoy meters, and orys t a l  multi-  

Layout drawing of frequenoy mul t ip l i e r ;  100 to  7500 ko/s 
Circu i t  schematic of frequency mul t ip l ie r ;  100 t o  7500 ko/s 
Photograph of frequency mul t ip l ie r ;  100 t o  7600 ko/s (top-front view) 

Standards 

leads 

p l i e r :  8,500 t o  910,000 Mc/s 
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Pig.  18. 

Fig. 19, 

Fig. 20. 
Fig. 21. 
Fig. 22. 
Fig,  23. 
Fig. 24, 
Fig. 25, 

Fig. 26. 

Fig. 27, 
Fig. 28, 
Fig,  29, 
Fig. 30, 
Fig, 31. 
Fig. 32. 
F ig .  33. 

Fig.  34. 

F i g ,  35. 

F ig ,  36, 

Fig. 37. 
Fig. 38. 

Figo 39, 

Fig. 40. 

Fig.  41, 

Fig. 42, 
Fig. 43. 
Fig, 440 

Photograph o f  frequency mul t ip l ie r :  100 t o  7500 ka/s (boktom view) 
Layout drawing of frequency converter-multiplier;  output  28,5 t o  

C i r c u i t  schematic of frequency converter-mult ipl ier ;  output 28,5 t o  

Photograph of frequency converter-mult ipl ier ;  output 28,s t o  

Photograph o f  frequency converter-mult ipl ier ;  output 28.5 t o  

Layout drawing o f  adjustable-frequency o s c i l l a t o r ;  2.0 t o  2 .3  Mc/s 

C i r c u i t  schematic of adjustable-frequency o s c i l l a t o r ;  2,0 t o  

Photograph of adjus table-frequency o s c i l l a t o r ;  2,0 t o  2.4 Mc/s and 

Photograph of adjustable-frequency o s c i l l a t o r ;  2,O t o  2,4 Mc/s and 

Layout drawing o f  three-s tage frequency mul t ip l i e r  and power supply, 
C i r c u i t  schematic of three-s tage frequency mul t ip l i e r  and power supply 
Photograph of three-s tage frequency mul t ip l i e r  ( f r o n t  view) 
Photograph of three-s tage frequency mu1 t i p l i e r  ( top view) 
Photograph of  three-stage frequency mul t ip l i e r  (bottom view) 
Photograph o f  power supply fo r  three-s tage frequency mul t ip l i e r  

Photograph o f  power supply f o r  three-s tage frequency mul t ip l i e r  

Layout drawing of d i s t r i b u t i o n  amplif ier ;  100 kc/s 
C i rcu i t  schematic of d i s t r i b u t i o n  amplif ies ,  100 ke/s 
Phokograph of  d i s t r i b u t i o n  amplifier; 100 kc/s ( top - f ron t  view) 
Photograph of d i s t r i b u t i o n  amplif ier ;  100 kc/s (bottom view) 
Layout drawing o f  adjus table-frgquency o s c i l l a t o r ;  500 t o  600 ko/s 
C i r c u i t  schematic o f  ad jus  table-f requency o s c i l l a t o r ;  500 t o  600 kc/s 
Photograph of ad justable-frequency o s c i l l a t o r ;  60@ t o  600 kc/s 

Photograph o f  adjustable-frequency o g c i l l a t o r ;  500 t;o 600 kc/s 

Photograph of adjustable-frequency o s c i l l a t o r ;  500 t o  600 kc/s 

Layout drawing o f  frequenc 

Circui t schematic of frequency mul t ip l ior  and dual frcquency converter 
Photograph of frequency mu1 t i p l i e r  and dual frequencg c ~ n v e r t e r  

Photograph of f requency-multiplier and dual  f rsquanc y converter 

Photograph of frequency mul t ip l i e r  and dual frequency converter 

Layout drawing of decade frequency generator;  outputs a t  100-lco 

C i rcu i t  schematic of decade frequency generator 
Photograph of deoada frequencry generator ( f r o n t  view) 
Photograph of decade f requenoy generator ( top v i  ew) 

30,9 Mc/s. 

30.9 Mc/s. 

30.9 Mc/s ( top-front  view) 

30,9 Idc/s (bottom view) 

and 2,4 t o  2,0 Mc/s 

2 , 4  Mc/s and 2.4 t o  2.8 Mc/s 

2.4 t o  2.8 Mc/s ( top-front  v i e w )  

2,4 t o  2.8 Mc/s (bottom view) 

( top- f ront  view) 

(bottom v iew)  

( f r o n t  view) 

( top  view) 

(ba t t o m  view) 

outputs 1500 t o  3000 kc P s 1000 t o  2000 kc/s 2000 -bo 3000 kc/s 
mul t ip l i e r  and dual frequency converter;  

( f r o n t  v i  ew) 

( top 'Vi8W) 

(bottom view) 

i n t e r v a l s  f r o m  100 t o  1030 kc/s 
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Fig. 45. 
Fig.  46. C i r c u i t  schematic o f  harmonic series generator  
Pig.  47. 
Fig. 48. 

Photograph of decade frequency generator (bottom view) 

Photograph of harmonic s e r i e s  generator ( top-front  view) 
Photogx:lph of harmonic series generator  (bottom view) 

GENERAL DESCRI PTLON 

1. Introduct ion 

The microwave frequency standard a t  t h e  Cent ra l  Hadio Propagation Labora- 
to ry ,  National Bureau of Standards,  makes use of the National primary standard 
o f  frequency by extending i t s  range to  cover the microwave region. 
done by multiplying the 100-kc frequency of the primary standard o r  a very 
cons tan t  and s p e c i a l l y  derived frequency measured i n  terms of the primary f re-  
quency, t o  give f ixed  points  or  complete coverage i n  the des i red  po r t ion  of 
the microwave spectrum. 

This i s  

2. The Cal ibra t ion  Room 

The microwave froquency standard is i n s t a l l e d  i n  a temperature and humidity 
cont ro l led ,  e lec t r ica l ly-sh ie lded  room. ' Room temperature i s  normally held t o  
25" 2 1" C ,  a t  a r e l a t i v e  humidity of 50$ f 2$. 
a ted  over a f a i r l y  wide range of temperature and humidity condi t ions i f  desired.  
The standard-frequency d i s t r i b u t i o n  l i n e s  and the a-c power l i n e  en te r ing  the  
shielded room R r e  f i l t e r e d  t o  reduce in te r fe rence  from outs ide radio-frequency 
sources; The room i s  shielded wi th  one layer o f  6 02. e l e c t r o l y t i c  shee t  
copper. 

3. Tne Primarv Standard of Freauencv 

The room may be r ead i ly  oper- 

d i l l  power supplied t h e  room is regulated by external a-a regula tors .  

The National primary standard of frequency cons i s t s  of nine q u a r t z - o r p  tal-  

The absolute .value of 
cont ro l led  o s o i l l a t o r s  which operate continuously and are automatical ly  com- 
pared w i t h  Naval Observatory time and with eaoh other .  
frequency f r o m  each of t hese  standards i s  thereby known with in  1 gart i n  100 
mi l l i on  a t  a l l  times. 
is u s m l l y  b e t t e r  than 1 p a r t  i n  10 . 
lators is  d i s t r i b u t e d  t o  laboratory equipment where higher and lower s tandard 
frequencies  are derived.\ One of We standard o s o i l l a t o r s  cont ro ls  the continu- 
ous r ad io  broadcast  o f  stnndard f requencies  from the  Bureau's 8tation"YW. 

Short-time c nstancy ( 1  hour o r  l ea s )  of these standards 
Output from one or  more of these o s c i l -  8 

Detai Is concerning the  broadcast  o f  technical radio servioea *.‘ram s t a t i o n  
WWV are given i n  ru1 announbement obtainable on request.  

4. The Frequency Generating Equipment 

a. Generrl-Coverage System 

.- 

The method by which othei standard frequencies  are derived f r o m  the  
primary frequency standard may be seen by reference t o  the block diagram i n  
Fig. 1. The standard frequency, 100 ki locyoles  pe r  second, is mult ip l ied  t o  
a very-high o r  ul t ra-high frequency and then impressed across (L s i l i con-  
c r y s t a l  r e c t i f i e r ,  the harmonics from whi'dh' are se l ec t ed  t o  give the  des i red  
microwave standard frequencies .  Continuous coverage is obtained by adding, 



in a frequency converter, the output of precision, adjustable-frequency 
o s c i l l a t o r s  t o  the output of one of the  mul t ip l i e r s  and then continuing 
the mu1 t i p  li ca ti on 

Referr ing t o  Fig. 1 t h i s  process may be t raced  through i n  d e t a i l .  The 
130 kc/s i s  f i r s t  mul t ip l ied  t o  7500 kc/s by conventional mu l t ip l i e r s  with 
s u f f i c i e n t  f i l t e r i n g  t o  reduce, t o  a very low va1ue, a l l  spurious s ide-  
f requencies  and harmonics i n  the des i red  output.  The r e s u l t a n t  frequency 
i s  added t o  the output o f  osc i l la tor  A o r  B and then t r i p l e d  t o  the  28,6 t o  
30.9 Mc/s range, 
over the range shown, wi th  8000 d i a l  d iv is ions  and a very l i n e a r  s ca l e ,  
After f u r t h e r  mul t ip l ica t ion ,  t he  f i n a l  frequencies are obtained f o r  appl i -  
ca t ion  t o  the crystal-rect i f ier  harmonic generators ,  The same types of 
c r y s t a l s  are used i n  the d i f f e r e n t  ranges of frequencies f o r  harmonic gener- 
a t o r s  au are normally used as mixers or converters  i n  receivers f o r  these 
same frequency rangea. The frequencies available a t  poln ts  D, E ,  and F are 
generated by mul t ip l i e r s  using 829B, 8328, and 2C40 tubes,  respec t ive ly ,  
and giving -adjustable  output leve ls  as high as 2 ,  2 ,  and 1 w a t t s .  Multi- 
p l i e r  c i r c u i t s  are o f  the  ordinary lumped-constant type except f o r  the out- 
pu t  c i r c u i t  o f  the 270 Mc/s mul t ip l i e r  which uses p a r a l l e l  l i n e s  and t h e  
810 MC/S mu l t ip l i e r  which uses a b u t t e r f l y  c i r c u i t .  

Each of  t he  prec is ion  o s c i l l a t o r s  A o r  B i s  ad jus tab le  

I t  i s  seen t h a t  about 25% o f  the frequency s t a b i l i t y  o f  the output is 
derived f r o m  o s c i l l a t o r s  A and B while 75% i s  derived f r o m  the  primary fre- 
quency standard,  
determined by means o f  the usual  c a l i b r a t i n g  equipment shown t o  t h e  r i g h t  
i n  t h e  block diagram. This equipment a l s o  serves t o  monitor the frequency 
of o s c i l l a t o r  A o r  B if it i s  desired t o  maintain a given frequency over a 
period of t i m e .  

However, t h e  instantaneous frequency of A or  B may be 

b o  Fine-Tuning and Spot-Frequency ilrrangement 

For appl ica t ions  where f i n e r  con t ro l  o r  a more constant  frequency i s  
needed t h e  arrangement shown a t  the l e f t  i n  the  block diagram i s  used.. Here, 
the  output f r o m  t h e  adjus tab le  o t ; c i l l a to r  C mixes with outputs derived from 
the decade frequency generator and mil l t ipl ier  t o  give continuous cowrage  from 
2000 t o  2800 :cc/s, which i s  again mixed with the 7530 kc/s i n  the main c o n v e r b  
e r  i n  place of o sc i l l a to r s  A o r  B. For example, t o  obtain o u t p u k  f r o m  2700 t o  
2800 kc/s, t he  900 kc output may be mul t ip l ied  t o  1800 kc/s and 400 kc/s added 
i n  converter  L t o  obtain 2200 kc/s, t o  which tho output from o s c i l l a t o r  C may 
be added i n  converter K t o  o b t a i n  the desired oukput. It w i l l  be seen t h a t  
mos t  of the combinations i n  the range 2000 t o  2800 kc/s may be obtained by 
using only two of Lhe three channftls i n  the mulr,ipIier-convexter mi-t,, Since 
the converter channels may also be  used as m u l t i p l i x s  i n  t h e i r  'mrihle 
ranges, it i s  evident  t h a t  m a n y  combinations are ava i lab le  i n  obtaining m o s t  
of the desired output f requencies .  The output  constancy i s  accordingly now 
cont ro l led  t o  t he  ex ten t  o f  about 5% by o s c i l l a t o r  C and 95% by t h e  primary 
standard.  
which gives an adjustment o f  approximately 4, 1 2 ,  and 40 kc/s pot d i a l  dfvisirjn 
a t  frequencies o f  3030, 10,000, and 30,000 b / s ,  respec t ive ly .  
quency change of about 1 p a r t  i n  lo6 p r d i a l  d iv i s ion ,  while o s c i l l a t o r s  A and 
B give a change o f  about 5 p a r t s  i n  10 An addi t iona l  f i n e -  
adjustment con t ro l  on o s c i l l a t o r  C covers a range equal t o  f 3 dea l  divisiorrsfor 
a 180° ro t a t ion .  

Tho output frequency range is covered by 64,000 d i a l  d iv is ions  

This i s  a f re -  

8 per  d i a l  d iv i s ion ,  
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The arrangement shown i n  the l e f t  i n  t h e  block diagram o f  Fig.  1 also 
serves t o  give outputs from 2000 t o  2800 kc/s, a t  100 kc/s i n t e r v a l s ,  derived 
e n t i r e l y  from the primar 8 standard,  This gives  f ixed  frequencies  wi th  an 
acouracy of  1 p a r t  i n  13 or  b e t t e r  a t  approximately 1% i n t e rva l s  throughout 
the range of the  equipment. When using o s c i l l a t o r s  A o r  B f o r  continuous 
coverage an accuracy of frequency of 1 p a r t  i n  lo7 or  b e t t e r  is obtained. 
By using the  f ine- tuning equipment and o s c i l l a t o r  C ,  an accuracy of 2 p a r t s  
i n  lo8 may be obtained. For convenience i n  checking &d higher  accuracy, 
o s c i l l a t o r  C may be monitored a t  the fou r th  harmonic using the same interpo-  
l a t i o n  range and equipment as Used f o r  monitoring o s c i l l a t o r  A .  'The outputs 
w i l l  remain cons tan t  i n  frequency t o  these s t a t e d  accuracies  f o r  severa l  min- 
u t e s  when using the adjus tab le  o s o i l l a t o r s ,  and the  in t e rpo la t ion  equipment 
allows continuous determination of  frequency over longer periods of t i m e .  

c e Frequency-Measurement Equipment 

The equipment f o r  measuring t h e  frequencies  of  o s c i l l a t o r s  A, B,  and 
C i s  of conventional type.  Br ie f ly ,  an audio-frequency in t e rpo la t ion  o s c i l -  
l a t o r  i s  used t o  measure the frequency d i f fe rence  between the o s c i l l a t o r t s  
output and harmonic check points  der ived from the primary-standard frequency. 
A harmonic series ne ra to r  and l e v e l  mixing unit  suppl ies  harmonics of 
100 kc/s acd 10 k c x ,  derived from t h e  primary standard,  combined with the 
ad jus tab le  o s c i l l a t o r ' s  output,  i n t o  a radio rece iver  tuned t o  the o s c i l l a t o r  
frequency. When properly tuned e.nd adjusted,  t h e  output of t he  rece iver  w i l l  
contain n beat  note of between 0 and 5,000 o/s, which is compared d i r e c t l y  on 
an osc i l losco  e with the  output o f  t he  in t e rpo la t ion  o s c i l l a t o r  covering a 
0 t o  5,000 CL range and having a l i n e a r  ca l ib ra t ion .  When properly adjusted 
t h i s  o s c i l l a t o r  hae an accuracy of f 1 c/s throughout its e n t i r e  range, thus  
the frequency of the unknown o s c i l l a t o r  may be determined wi th in  f 1 c/s, o r  
approximately 1 p a r t  i n  2 mi l l ion  f o r  any one of the  three o s c i l l a t o r s .  
higher aocuracy i s  required i n  determining the  frequency of the  ad jus tab le  
o s c i l l a t o r ,  i t s  frequency may be measured a t  a harmonic, w i th  a proport ionate  
gain i n  measurement accuracy. 
continyous monitoring i s  employed, as t h e  short-time s t a b i l i t y  of the o s c i l l a -  
t o r  (3  minutes) i a  only of the order  of 1 p a r t  i n  2 mill ion.  
t o  0 may be conveniently checked a t  a harmonic i n  t h i s  mnnner, o r ,  i f  s t i l l  t o o  
low,  may be counted. 

If 

This,  however, i s  n o t  j u s t i f i e d ,  except where 

Beats very near 

d. 

The f i n a l  output of the  mul t ip l i e r s  a t  po in ts  D, E, and F i.8 impressed 
across a s i l i con -c rys t a l  rectif ier of appropriate  type i n  order t o  generate 
harmonics i n  the4 microwave bands. 
s tandard coaxial  mounts or  mixers at, f requencies  up t o  about 3,000 Mc/s and 
i n  waveguide mounts a t  higher frequencies.  
wed. Mixers, such as Radiation Laboratory type TPX-35GM and TPK-23RL, are 
satisfactory as harmonic generators.  
o r  waveguide transmission system c o n s t i t u t e  t h e  frequency standards and are 
u t i l i z e d  i n  the measurement of unknown frequencies  or  c a l i b r a t i o n  of fre- 
quency meters e 

Harmonic Generating and Detection Equipment 

These r e c t i f i e r s  are i n s t a l l e d  i n  the 

Various arrangements can b e  

Frequencies thus obtained i n  the c o m i a l  
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? 

The frequency range covered by these harmonics i s  shovm in Fig. 2, H a r -  
monics of the  85,5 t o  92.7 Mc/s outout; overlap i n  range f r o m  about 1300 Mc/s 
up, those of t h e  256.5 t o  278,l Mc/S output overlap from 3200 Mc/s up, and 
those o f  the  769.5 t o  834.3 Xc/s output  overlap from 9200 Mc/s up, When a 
choice of mu l t ip l i e r  output i s  possible, the  higher output frequency w i l l ,  of 
oour88, uti'liee the lowest order of harmonio and give the h ighes t  miorowave 
output i n  the desired range. The direct ly-der ived fixed-frequenoy outputs,  
which occur a t  approximately 1% i n t e r v a l s  throughout the  spectrum, divide each 
harmonic range shown i n t o  e i g h t  equal ly  spaced p a r t s ,  the  frequencies be ing  
aczcurate t o  1 p a r t  i n  lo8 o r  b e t t e r .  The order  o f  harmonis being used is, i n  
eaoh case, cheoked by use o f  a previously ca l ib ra t ed  frequency m e t e r ;  or, i f  
one is n o t  ava i lab le  wi th in  the range, by the  agreement of two separate  meas- 
urements using d i f f e r e n t  harmonics i n  eaoh cases  

Although t h e  microwave power der ived from t h e  harmonic generators is l o w I  
by t h e  use of s e n s i t i v e  radio reoeivers  or spectrum analyzers,  ca l ib ra t ions  
and frequenoy measurements may be made. Ordinar i ly ,  the c a l i b r a t i n g  and 
unknown frequencies are f e d  i n t o  t h e  spectrum analyzer and the  standard fre- 
quenoy adjusted unt i l  the ind ica ted  p ips  on the screen of t h e  spectrum 
analyzer coincide.  An unknown o s o i l l a t o r  o f  s u f f i c i e n t  constancy may be  accu- 
rately measured by hsterodyning wi th  a standard f ixed  frequency, 

To determine t h e  resonmoe frequency of cavi  ty-type frequenoy meters a 
similar prooedure may be used i n  whioh the frequency of  an ex terna l  o s c i l l a t o r  
se t  a t  the resonanae frequency of the c a v i t y  is determined by comparison with 
the  stnndard.  O r ,  a l t e r n a t i v e l y ,  the standard frequency itself may be used t o  
exoute t h e  cav i ty  and adjusted un t i l  a maximum o r  minimum i s  seen on the spes- 
trum analyzer,  depending on whether a transmission-type or reaction-type cav i ty  
is being measured. With t h e  addi t ion  of a frequenoy of approximately fd2Q fed 
i n t o  t h e  harmonio-generator o r y s t a l  a t  proper amplitude along with the standard 
frequency, so as t o  give a side-band frequency on eaoh s i d e  of  t h e  c a v i t y  res- 
onanoe curve a t  about the half-power poin t ,  an improvement of from 2 t o  5 times 
i n  aoouraoy of o a l i b r a t i o n  may b e  obtained. Besonanoe i s  then ind ica ted  when 
the s tandard frequency i s  adjusted t o  give equal amplitudes on each side-band 
pip.  
ove ra l l  analyzer equipment fol lowing t h e  frequency meter be flat a Operating 
mar t h e  edge of an o s c i l l a t o r  "mode" and c r i t i o a l  matching s tub sdju8t;ments 
should be avoided. 

When using t h i s  method, however, it is important t h a t  the response o f  t h e  

Superile t y r o d p e  search rece ivers  with panoramic adapters  are ava i lab le  f o r  
c a l i b r a t i o n  a n a  measurement work  over t he  range from 330 t o  3003 Mc/s. 
t ion ,  spectrum-analyzer equipment is readi ly  available w i  t i  de tec t ion  equipment 
covering the  ranges of  2,400 t o  3,760 No/s, 5,200 to 3,000 Mc/s, 8,400 t o  
10,000 &/s, and 21,500 t o  26,400 &/a. Accordingly, even though the  frequency 
standard has completa and continuous coverage, it i s  a t  present  somewhat more 
dbf f i c u l t  t o  make E requenoy measurements of  unknown frequency meters outs ide 
the above ranges. 
made ava i lab le  so t h a t  complete coverage of the  e n t i r e  microwave spectrum may 
be conveniently handled. 
beat-f requency measurements without  spectrum analyzers  are other  me thoder which 
may be u t i l i z e d ,  

I n  addi- 

Additional plumbing and loca l  o s c i l l a t o r  equipment i s  being 

Mult iple  conversion, measurement of harmonics, and 



A S ~ J  trum analyzer i i h l i a t i n n  h b o r a t o r y  tyoe) with plumbing covering 
the raiige 5,490 t o  20,333 KS/G approximntsl.y, with c r y s t a l  harmonic generator 
cmd unknom and calibrtltcc?, f requinoy meters i n  pos i t ion  i s  shown i n  Fig. 7. 

Complete coverage of' t he  range from about 300 t o  100 Mc/s is  obtained 
by feeding the outpur, from the 28 ,5  t o  30.9 Mc/s mul t ip l l c r  through a harmonic 
generutor of the coaxinl typo. A l s o ,  by tho use of the converter-stage out- 
puts on the fine-tuning u n i t ,  complete coverage of the lower frequencies from 
audio frequencies up t o  300 Mc/s may be obtained. 

5. kocuraoy of Cal ibra t ion6  
wI*-..-_e- 

e lrnknomi L'Sei 11Rto r  Frequencies 

?he l i m i t  of' accuracy w i c k ]  di ic t i  t h e  frsquency of an unknown o r o i l l a t o r  
~t measured is tile absolute accdracy to  which the  I andard frequency it- 

-I...- ------._-_- - - 

self i s  knoym, or c.2 c r e v i o u s l y  s t n t o d .  t o  1 p a r t  i n  10 f . (Frequency i n t e r -  
comparisons batweer1 t 'w var ious primary-s tandard o s c i l l a t o r s  are regular ly  
made t o  1 part i n  In1'}. 
a maximum aasurracy 3f' 1 par t  in 10 may be achieved if the  frequenoy o f  the 
unknawn i a  sLfficinntly *;CJI?:I \ a n t .  
equipment 1 or 2 p c ; r t s  iz l a 3  arc  the approximate l i m i t 8  of accuracy. 

Using thy regular equipment with oso i l l a to ra  A or B, 

Idhen using t h e  apot-frequency o r  fine-tuning 

Aftsr reaching o p r ~ C ; i r i , +  t c q o r a t u r e  , when using o s c i l l a t o r  combinations 
A and 8, or C ,  t h e  constn:ir,i"?s of these  o c i l la t ,o re  are suoh that accuracies 
of' %!e output frt?unncies ot' 1 p a r t  i n  10' and 2 p a r t s  in  108, respect ively,  
may be inaintaine4 over  a three-minute p e r i o d  without adjustment. 
microwave a s c i l l a t o r s  , t z i ;  cams tnncy i s  considerably batter than t h a t  of the  
frequenoy beiq-, msasured, 

For most 

b. Frc?qu,ency, Yater Cal ibrat ions 

The rrccuraory certified i n  c a l i b r a t i o n  of a frequency meter depends on 

lll_ - ----I - -- 

constancy of the muter, it3 Q and on the s e n s i t i v i t y  of  the rasonanoe4ndiaating 
devioc. 
of %he method fo l lowed  t o  s e t  on resonance i n  use, and on whether or  n o t  the 
reactance coupled i n t o  the cavi ty  by the  external c i r c u i t s  i a  the same as that 
when $ha c a l i b r s t i c n  w%a mwle. 
reaotrusca, cfi3ibratir:i-m sre usually made with matohed at tenuator8 having enough 
a t tenuat ion  t o  s f f e c t i r e t y  i s o l r n t s  t h e  frequency meter, 

The useful  acourncy of  the oa l ib ra t ion  a l so  depends upon t h e  s e n s i t i v i t y  

ro reduce frequenoy pul l ing ,  due t o  aouplsd 

r cav- i tp typ~:  frnyuency w t e r s ,  3PFLled agains t  humidity changes and 
e i t h e r  ten1,pot-a t u 1 - e -  
temperature OAT: be :;r*%:;ly reduced. For unsealed c a v i t i e s  , oa l ib ra t ion  in ishe 
oontrol led stmdards  room g r e a t l y  improvea the  aocuraog of aa l ib ra t ion ,  b u t  
use of t h e  a a v i t y  under conditions other than standard w i l l  involve addi t iona l  
errors men though corrections are made. These arise because of e r r o r s  i n  the 
measurements of t e m p c r a h r a  and humidity, f a i l u r e  of the oavi ty  t o  come t o  
equilibrium, and e r r ~ ~ s  i r i  tkc car reo t ion  data  t o  be applied. 

i k r d  ur made of" invar, t he  effecta of  humidity and 

The accuracy 
backlash and d i a l  
the sealed type. 

o f  twil?b2a-typa oavi ty f'requency meters 
inascurnoies and by the f a c t  that these 

is also l imited by 
meters are seldom of 
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The accuracy of ca l ib ra t ion  o f  a cav i ty  frequency meter depends on how 
c lose ly  it can be s e t  t o  resonance. Since it resonates over a f i n i t e  band- 
width determined by i t s  loaded O l e  t h e  accuracy of c a l i b r a t i o n  w i l l  be  a 
funct ion of t he  Q T h i s  can be determined by  ca l cu la t ing  
the s e n s i t i v i t y  of s e t t i n g  the cav i ty  t o  resonance i n  terms of the smallest 
change i n  output response which can be seen on the  output ind ica tor  used f o r  
determining resonanoe, If the output fndica tor  i s  (L spectrum analyzer ,  the 
height  of response on the  osoi l loscope w i l l  be proport ional  t o  t h e  r-O $ m y i t  

power t o  the  analyzer;  this dependence is brought about by proper desiyn of 
the  second de tec to r  c i r c u i t  and is done i n  order t o  show an energy spectrum 
on t h e  osoilloscope. This increases  the  s e n s i t f v i t y  of s e t t i n g  a cavi ty  t o  
resonance compared t o  t h a t  obtained w i t h  a receiver  having output proportion31 
t o  inpu t  voltage,  

of the  cavi ty .  

The height  of msponse on a spctrum analyzer can be ca lcu la ted  from the  
equivalent  c i r c u i t  shown below, where tkere i s  a l s o  shown a curve of responss 
versus frequancy. 

b l-;;R3zo *n:;w?;:rfi 
Generator 

Curve of Output Versus 
Equivalent C i rcu i t  Frequency 

This equiva len t  c i r c u i t  is derived from cav i ty  theory f o r  a symmetrical 
cavi ty  and shows t he  cav i ty  as a p a r a l l e l  resonant c i r c u i t  having conductance 
G and suscaptance B. 
power t o  t h e  ms’tched output load 8,. 
rcsona.noe2 P, t o  t h a t  t ransmit ted OTi resonance Po, w i l l  be equal t o  the r a t i o  
o f  respoase o f f  resonance, h ,  t o  t h a t  on reaonance, hoe This can be shown t o  
be given by t h e  following formula, 

The equivalent  constant vol tage generator t r m a m i t s  . 
TAC r a t i o  of power t ransmit ted off 

w h e r e 4  f 0 fo - t’ 
given from t h i s  formula as 

The f r a c t i o n a l  unoer t s in ty  i n  s e t t i n g  t o  resonance is  

-*- O f =  P, ZQ F 
when A h  w h o  as i s  tne case f o r  t h e  W a v a l  Qg values encountered, 
A h  = ho - h and is the smal les t  change i n  response t h a t  can be determined 
3n the  output i nd ica to r ,  
ah/ho = 1/25 t h i s  equation gives A f/fo as one p s r t  i n  100,000. Actual 
tes ts  show t h a t  t h i s  is t h e  order  of accuracy of setting obtainable with 
present-day spectrum analyzers when t ry ing  t o  s e t  t o  t h e  m a x i m u m  of t he  
response curve where the slope i s  zero. By ca re fu l  work, accuracies some- 
what b e t t e r  than t h i s  can be obtained. 
t i v i t i e s  for s e t t i n g  t o  resonance are needed, i t  i s  necessary t o  use other  

Here 

For a oavi ty  having a loaded Qg of 10,000 and 

However, when much g r e a t e r  sens i -  
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methods, some of which work on t h e  s teep  s ides  of the resonance CUI'VCb, 
such as t h e  method described under 3-d. 
methods gives s e n s i t i v i t i e s  several  times grea te r  than that obtained by 
s e t t i n g  a t  the  p e a  of the  resonance curve. 
a l s o  be obtained by sharpening the  response curve by man8 of c i r c u i t s  
f o r  which t h e  output response of the spectrum analyser goes up fatjtar 
than the case where it is  proportional t o  the input  power. 

A cavi ty  Q meter employing suoh 

Increased s e n s i t i v i t y w o u l d  

0 .  Q Measurements 

An accurate mcssur~:riit-Iit of' t h e  loaded Q of  trmsmission-type frequency 
meters, o r  other s p u n f i t x  i c  transmiasion-type components, may be made by 
measuring the frequencies at which t h e  power transmission drops to 0.5 of 
the resonance-frequency power. The Q then equals f((f2-f1}. For high Q 
components t he  l i m i t  of accuracy using t h i s  method 
preois ion t o  which the 0.6 power poin ts  can be set .  
est imate  t h a t  these points  can be set  t o  f 2% of t h e  f maximum responae 
value (which i s  approximately a f 3% var i a t ion  i n  axnpl?tude cat the  ha l f -  
power poin ts )  would r e s u l t  i n  a maximum error of about 4% i n  the f2-f 
value, as t he  vol tage response i s  very near ly  inverse ly  proportional $0 
the  number of cycles  off resonance i n  t h e  half-power regions. 
give 8 similar 4s maximum uncertainty i n  t h e  Q value caused by l imi ta t ions  
in determining the  half-power points  and should conat i  t u t e  t he  pr inoipa l  
e r r o r  in 6uch Q measurements. 
given above f o r  C 

8 determined by the  
A conaarvative 

This would 

This can be seen by solving t h e  equation 
from which we have 

where h = 1/2 ho a t  t h e  ha l f  power point.  

For measuring the  Q of reac t ion  type c a v i t i e s  it is usual ly  necessary 

This curve can be 

where ro is the  stand- 

t o  terminate the  l i n e  with the  cavi ty  and t o  measure the standing wave 
ra t io ,  with a s l o t t e d  l i n e ,  as  a funot ion of frequency. 
p lo t t ed  and bf determined 8 8  the d is tance  b e b e e n  points  on the  curve where 
the  standing wave ratio i s  given by 

ro + 1 + JFi 
To +i=-Jyr? 

ing wave r a t i o  a t  resonmoo. The loaded Q R i s  then fd4f. 
Components having low Q values (less than sevcrsL1 thouaand) cannot be 

r e l i ab ly  msasurad d i r e c t l y  by using the microwave frequency standard as a 
source of exc i ta t ion ,  sinoe the  Q of the  mul t ip l i e r  c i r c u i t s  and the  match- 
ing  components i n  the c r y s t a l  mu l t ip l i e r  assemblies is f a i r l y  high and the 
mixer and looal  o r o i l l a t o r  plumbing may a180 be fa i r ly  frequency-sensitive. 
When low values a r e  t o  be  determined, a looa l  o s c i l l a t o r  with constant  
output over t h e  range t o  be explored should be coupled d i r a o t l y  t o  the oom- 
ponent t o  be meraured and a detec t ing  system of  l i n e a r  or  known response 
ured t o  set  the  half-power points.  This o s o i l l a t o r  is then measured by com- 
par ison with t h e  microwave frequenoy standard. 
of Q measurements i s  usua l ly  limited by the prec is ion  with which the half- 
power points  can be set  and the  constancy of output maintained by the oaoi l -  
l a t o r  over the  range wed.  

With t h i s  method the accurroy 
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d. Dependence o f  Resonance Frequency on Temperature f o r  Cavities 
without Temp era t u r  e C omp ens a ti on 

Since the  resonance frequency o f  a cavi ty  i s  a function o f  i t s  l i n e a r  
dimensions, and s ince  these  vary with temperature, the c a l i b r a t i o n  of a f r e -  
quency meter requires  a spec i f i ca t ion  of i t s  temperature a t  t h e  t i m e  of 
measurement. From the  p r inc ip l e  o f  electrodynamic similitude, it follows f o r  
a pe r fec t ly  conducting c a v i t y  t h a t  regardless  o f  t h e  type of  mode o r  shape 
if a l l  l i n e a r  dimensions be varied proport ionately,  then the  rec iproca l  of 
t he  frequency w i l l  vary i n  t h e  same proportion. I n  general ,  f o r  c a v i t i e s  
o f  f i n i t e  conduct ivi ty ,  neglect ing second-order e f f e c t s ,  

where bl represents  the f r a c t i o n a l  increase  i n  l i n e a r  dimension, and i s  

the thermal c o e f f i c i e n t  of expansion f o r  the material from which the  cav i ty  
is made, assuming t h i s  i s  homogeneous. Since the temperature of the cav i ty  
i n  general  w i l l  be uniform w i t h i n  O o l o  C ,  and may be apec i f i sd  a t  t h e  time 
of c a l i b r a t i o n  t o  t h n t  f i gu re , -  t h e  f r a c t i o n a l  e r r o r  i n  frequency of calibra- 
t i o n  due t o  the uncer ta in ty  i n  thc temperature is, under theae condi t ions,  

z- 

The expmaion c o e f f i c i c n t & i s  the increase i n  length per  unit  length 
pe r  degree Centigrade and ha6 values of 0,9 x 10-6, 9.6 x 
for invar ,  s t i i n l e a s  s teel ,  and brass, respect ively.  

19.0 x 10-6, 

eo 3ependenoe of Resonance Fretauenov on Humiditv 

The resonance frequency of  a cav i ty  i s  a l s o  a funct ion of the d i e l e c t r i c  
o o n s t m t  of  the medium it  encloses. 
regardless  o f  shape or mode, it follows from the  p r inc ip l e  of electrodynamic 
s%mi?i%a~,  t h a t ,  all other f ac to r s  remaining constant ,  a f r a c t i o n a l  increase 

i n  ais1ect;ri.c conatant,  AC, _L produces a f r a c t i o n a l  decrease i n  frequency 

For p e r f e c t l y  conducting cavities,  

L- t 
given by& A 0 

f -4 
The die lec t r ic :  constant  of the  a i r  within a cavi ty  i a  a funct ion of the 
p a r t i a l  pressures  of dry air and water vapor, and the  temperature, o r  what 
i s  equivalent ,  the r e l a t i v e  humidity. Report 599, entitled “Standards fQr 
microwave frequencies , issued by the  Radiation Laboratory, discusses  the  
a f f e c t  of r e l a t i v e  humidity on resonc111ce frequency of c a v i t i e s ,  and giver 
graphs of the d i e l e c t r i c  oons tan t  of a i r  over varying conditions.  Report 
599 includes a nomograph giving the change i n  frequency of a resonant cav i ty  
due t o  Change8 in the  r e l a t i v e  humidi8y. 

1 )  
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h s e a l e d  o r  semi-realtd c a v i t i e s  may be subjec t  t o  addi t iona l  e r ro r s  due 
t o  mode-lamping mater ia ls .  
damping are hygroscopic and i n  giving up moisture w i l l  keep the atmosphere i n  
the cavi ty  a t  a higher r e l a t i v e  humidity than t h a t  of the uutside control led 
atmosphere. 
depend8 upon the  previous h i s to ry  of t he  caviby, t h e  cavi ty  should be thor -  
oughly flushed out  with the control led atmosphere and allowed t o  s b n d  f o r  
severa l  days under control led oonditions un t i l  equizibrium i s  reached, 

Some materials  such as poly-iron used f o r  mode- 

s ince  the amounti of moisture i n  *e material  is unknown and 

The accuracy w i f h  which  ca l ib ra t ions  of cav i t i e s  caa be made can b e  
summed up by s t a t i n g  that, commercial c a v i t i e s  with a Q of about 10,000 
have been measured w i t h  an accuracy of 1 p a r t  i n  50,000 t o  200,000 o r  b e t t e r  
depending on whether the oavity was sealed or not. i sealed and compensated 
cav i ty  might be calibrabed much more c lose ly  by using more sens i t i ve  methods 
of s e t t i n g  on resonance. 
ca l ibra t ions  because of mechanical inaccuracies of  the truning and d i a l  
arrangement. 

6. Calibration Servioe of the  National Bureau of Standards 

ad jus tab le  c a v i t i e s  mighb not  warrant such c lose  

The services of t h e  Central  Radio Propagation Laboratory of ESBS, i n  
couneotion wi$h frequency s tandardr ,  include measurements, t o s t s  and 
information on insDrumenba which are i n  *urn used as sfsndards ko t e s t  o r  
measure considerable numbers of a$her inetrumenbs. 

The frequency standards services a r e  ava i lab le  wiirhout charge tro the  
Army, Navy, and’other Government agcnoies. The Army and Navy may arrange 
t h a t  s imi la r  servioes  be supplied,  wi$hout charge, t o  i n d u a t r i a l  concerns 
t h a t  need such services  d i rcckly  i n  connection wiCh Army o r  Navy contracts .  
Frequency shandardization bests a re  ava i lab le  t o  the publio,  with fees  
charged i n  accordanco wihh the normal NBS policy.  

A l l  requests f o r  t e s t s  of  o so i l l a to r s  o r  frequency meters i n  the  range 
above 300 Ma/8 should be made in wriQing t o  the’Direc tor ,  National Bureau of 
SBandards, L t f e n C i w  Central  Radio Propagation Laboratory, Division XIV,  
Sectiion 9, and shocld s t a t e  t h e  frequency o r  frtquenoies 20 be covered, 
method of coupling, and any spec ia l  limi4at;ions o r  operating conditions 
desired for the  t e a t ,  
of 2 6 O  C and 50-peraent r e l a t i v e  humidity. 

Calibrations w i l l  normally be made a t  room conditions 

A l l  requests f o r  tests f o r  contractors  f o r  Army or  Navy should reach 
the NBS i q w r i b i n g  v ia  an inspectdon, l i a i s o n  o r  other  o f f i ce  of  the Army 
o r  NEV, 

Appendix 

I, Operating InaOructions 

Ef f i c i en t  operation of  the microwave frequenoy aCandard requires  a 
knowledge of the r e l a t i v e  advantages of the  various possible  combinations 
of equipmeats mad a u x i l i a r i e s .  T h e  loca t ion  and proper uae of  the various 
controls  and oonnecfing c i r c u i t s  should a l s o  be uaderatood. 
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Senera:ly, a frequency of 109 kc/s w i l l  be supplied through the  f i l t e r e d  
l i n e  t o  the  s tandsrd frequency jack a t  tho top - l e f t  of  the cen te r  ruck. From 
t h i s  jack t n e  s ignal  is connscbed through the  d i s t r ibuh i sn  ampl i f ie r  t o  the 
various o ther  eqLai,nlent;s as shown i n  the Slock diagram. The use of ex te rna l  
panel connections for  all interconnecting leads is employed t o  obtain m a x i m u m  
f l e x i b i l i t y  and u t i l i t y  o f  the  equipment. 
from one o f  the  primary-standard o s c i l l a t o r s ,  w i l l  normally be riithin 2 p a r t s  
in lo7 of' t rue  frequenoy. 
accuracy are being made, the  absolute  value within 1 part  i n  lo8 should be 
obtained from the  Frequency and Time dtandards group of Section 8 .  

rhe 100 kc/s frequency suppliad 

Where measurements requi r ing  a higher order of  

I n  making ca l ib ra t ions  o r  measurements i t  i s  necessary to  decide which 
uni t s  of t h e  equipment should b e  uaed. Adjustable-type frequency meters may 
be most ea s i ly  ca l ib ra t ed  using khe spot-frequency equipment t o  generate har- 
monics e n t i r e l y  cont ro l led  f rom the primary standard,  unless  i t  i s  necessary 
t h a t  ca l ib ra t ions  be made a t  c e r t a i n  spec i f i c  froquencfes. 
quency meters muat be ca l ib ra t ed  by  use of  t he  adjuatable  o s c i l l a t o r  and 
in t e rpo la t ion  equipment. 
used only where extremely aoourato measurements o r  maintenance of a constant  
frequenoy over a long per iod  are desired,  s ince  i t  involves the  use of several 
added cont ro ls  and addi t iona l  steps i n  t h e  computations. 

Fixed-type f re-  

The f ine-  tuning ad jus  tab le  osci l l a t o r  should be 

Because of t h e  high aocuracy and wide coverage of  t he  microwave frequenoy 
standard,  i t  is a r a t h e r  complioated instrument. Preliminary searehing or 
explorat ion of unknown equipment frequenoy aharac te r i s  t i c a  i s  most eas i ly  
acoomplished by use o f  an a u x i l i a r y  o a c i l l a t o r  of f e w  oontrolas  

1, Procedure f o r  W i n g  Cal ibrat ions Using Adjustable-Frequenoy Osc i l l a to r s  

Before uccing t h e  ad jus tab le  oelr i l la tor  equipment f o r  h ighly  accurate  c a l -  
ibrations, t he  o s r i l l a t o r o  should be allowed to s t a b i l i z e  f o r  one hour o r  iiiUic:, 
The mul t ip l i e r  and converter equi2ment may b e  used withoirt t h i e  wa'rm-up period 
without  l o s s  of accuraoy, b u t  hhe tuning o f  some of the  high Q c i r cu i tB  may 
h w 9  t o  b e  readjusted,  pe r iod ica l ly  un t i l  temporatura s t a b i l i z a t i o n  ocoura. 
The a-c power t o  the e n t i r e  three-rack i n s t a l l a t i o n  i s  control led by one of 
the breaker  switches on the  d i s t r i b u t i o n  box and eauh rtrck'8 e n t i r e  squipmont 
i s  control led from the toggle switch on t he  right s ide  of the  top  panel of each 
rsok. 

rho approximate micromawe frequenoy required f o r  calibration or  measure- 
nent  w i l l  alr t ; idy be  A 7 -, 3r should be determined by use of' a search o s c i l l a -  
t o r  o r  by other  mesns. A convenient method f o r  doing + ,h is ,  wheri! a frequency 
nic3ter to  h e  ca l ib ra t ed  l i e s  within the range of  8 spectrun analyzer, is :rip 

couple , the  meter olosely t o  the analyzar input find observe the reac t ion  p i 2  a i  
the l oca l -oso i l l a to r  "mode" (zurve. By makh ing  t h i s  p i p  w i t h  one from w. Cali- 
brated frequency meter a fairly accurate  preliminary c a l i b r a t i o n  may be made. 
For ad jus tab le  l requenoy meters the approximate end l i m i t s  of frsquenoy should 
bo determined and the desired ca l ib ra t ion  poin ts  between these l i m i t s  se lec ted .  

After determining the  desired approximate frequenoy, the  harmonic r a g e  
cha r t  (Fig.  2 )  should be examined and the  highest  output rangs se lec ted  whiGh 
w i l l  give harmocics a t  the desired fraquenaies.  If continuous coverage i s  
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desired over grea te r  than an &% frequency range, harmonies o f  the 12th order 
snd higher must be used, The use of t he  highest  output range (and l o w e s t  
irarnonir o r d e r ?  gives the g rea t e s t  amount of misrowave powee and requires  
the use of lesa  gain i n  the speotrum analyzer. 
amplitude i n s t a b i l i t y  o r  jmqiness of t he  p ip  on the  analyzer sereen and the 
amount of “stub ?widdling* o r  matching required t o  ge t  a usable s igna l ,  The 
required f r e q u e m j  a t  a given output jaok i s  divided by t h e  roper mult iple  
of 3 t o  get the approximate frequency a t  the  9.6 t o  10.3 Mo P s output of the  
converter s tage  
by subt rac t ing  7.5 Mc/s; the co r rec t  d i a l  s e t t i n g  f o r  t he  o s c i l l a t o r  i s  
obtained f r o m  the  c a l i b r a t i o n  chart’ o r  from one of the  frequency graphs. 

This reduees the amount of 

The required ad jus t ab le  osci  l l a t o r  frequency i s  obtained 

Working upward from the  converter s tage ,  the  microwave output frequency 
is ,  

Fm = (7,5 MU + FOSU) AB 

where A = 9 f o r  the 90 Mo range; 27 f o r  the 270 Mc range; 81 f o r  the  
810 Mc range 

B - harmonic mul t ip l ica t ion  order of the c r y s t a l  mul t ip l ie r  

Cal ibrat ion c’iarts a r e  supplied f o r  t he  2.0 t o  2.4 Mc/s and 2,4 t o  
2,8 Mo/s o s c i l l n t o r s  which give t h e  d i a l  s e t t i n g  f o r  eaoh even l0-kcr point  
throughout t h e i r  ranges. 
t o  be within f 1 d i a l  d iv i s ion  o r  approximately f 50 6/80 Dial  s e t t i n g s  
for frequencies between these points  a r e  obtained by in te rpola t ion ,  o r  
with grea te r  ease and accuracy by the  use of  the in te rpola t ion  equipment 
used t o  measure t h e  f i n a l  frequency. Chart6 giving the  mlorowave frequency 
outputs from harmonics of  t h e  30, 90, 273, 813 Mo/s output s tages  with 
ad jus tab le  o s c i l l a t o r  inputs  of 2000 t o  2800 ko/s  a t  eaoh 100 ko/s i n t e rva l  
within t h i s  range a re  a l s o  avai lable .  I t  is neoessary t o  determine the  
harmonic mult ipl ioat ion order of tho c r y s t a l  mul t ip l ie r  t o  oompute the  
miorowavo .frequency being measured. These harmonics are usua l ly  i d e n t i -  
f i e d  by use of a previously ca l ib ra t ed  frequency meter having s u f f i c i .  
acouraczy t o  unmistakably i d e n t i f y  the harmonic being used. In the  event 
khat no ca l ib ra t ed  frequency meter i s  ava i lab le  i n  the  range being used, 
severa2 suooessive harmonios may be used t o  obtain t h e  desired microwave 
frequency, 
t o  give these  harmonic responses and through knowledge o f  t h e  input  f r e -  
queneiss determine the  harmonic order for each input  frequenoy. If only 
two frequencies a re  used it is  sometimes possible  t o  s e l e c t  harmonics t h a t  
a r e  not  adjaaent ,  bu t  may be assumed so, thus giving an erroneous r e s u l t .  
This may be more l i k e l y  t o  oocur i f  t he  measured microwave frequency range 
i s  not  approximately known, bu t  is very unl ike ly  t o  occur if t h ree  separate  
hannonias are used, 

These d i a l  s e t t i n g s  may normally be r e l i e d  upon 

It i s  b a s t  t o  use a t  l e a s t  th ree  separate  input  frequencies 

2, Measurement of  Ad jus  table-Osci l la  t o r  Frequenoies 
-__I. 

The adjustable  o s c i l l a t o r  frequencies a r e  measured d i r e o t l y  i n  terms 
of the primary standard of frequency by rompariaon w i t h  frequencies o r  
harmonics derived from the standard. A harmonic s e r i e s  generator i s  used 
t o  generate harmonies of 100 ko/s and 10 ke/a throughout t he  550 ko t o  
30 Xe/s range of the reeeiver.  Only the frequency range of 2.0 t o  2.8 Mz 
i a  used i n  measuring the  ad jus tab le  o s o i l l a t o r  frequencies. The 500 t o  
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500 kc/s o s c i l l a t o r ,  used with the f ine- tuning arrangementi, i s  measured on 
the fou r th  harmonic and the r e su l t i ng  frequency divided by four t o  obtain 
the g rea t e r  accuracy ,which i s  des i r ab le  when t h i s  o s c i l l a t o r  i s  used. 

The r e su l t i ng  bea t  no%e from the  receiver  between t h e  ad jus tab le  
o s c i l l a t o r  mnd the 13 ko/s standard-frequency markers i s  measured by means 
of the  audio-frequency in t e rpo la t ion  osc i l l akor  and comparison osci l loscope 
This o s c i l l a t o r  (G,R. type 6 1 7 4 )  has L frequency range of 0 t o  5300 c/s and, 
when checked agains t the 100 c/s f r o m  the I tandard-controlled frequency 
d iv ider  at 100 cycle  i n t e r v a l s ,  has an accuracy of 2 1 c/s throughout i t s  
range. 
from t h e  d i a l  c a l i b r a t i o n  and the  observed b e a t  frequency added t o ,  o r  sub- 
t rac ted  from, t h e  proper 10 kc/s mult iple  t o  g e t  the exac t  o s c i l l a t o r  f re-  
quency. 
adjustment o f  t he  o s c i l l a t o r  d i a l  after t h e  b e a t  frequency has been noted, 
and observation of t h e  d i r ec t ion  of change w i l l  determine i f  the 'Seat fre- 
quency should be added or subtracted.  By using t h e  crystal1 f i l t e r  on the  
receiver  and proper tuning, f requencies  up t o  5000 c/s may be measured. 
Beat frequencies t o o  near  t o  zero b e a t  t o  be measured on t h e  osci l loscope 
may be measured a t  a higher  frequency on the rece iver  o r  counted. 

'The approximate frequency o f  the ad jus  t a b l e  o s c i l l a t o r  i s  determined 

There the b e a t  note  is e i t h e r  very near 0 o r  5000 c/s, a sl ight  

The harmonic series generator  panel includes mixer controls  by which the 
r e l a t i v e  s t rengths  of t he  standard and unknown s igna l s  may be adjusted f o r  
maximum bea t  frequency output. 
vided f o r  a rough cont ro l  of these  oukput leve ls . .  

Fixed inser t ion-type a t tenuators  are also pro- 

In  similar manner t h e  receiver  and in t e rpo la t ion  equipment nay be used t o  
measure t h e  frequency of any s igna l  i n  the  frequency range of from 0 t o  30 
NC/S. 

3 ,  Use or" Fine-tuning and Spof-Frequency Equipment 

The f ine- tuning arrangement makes use o f  the outputs from the  500 t o  
630 kc/s o s c i l l a t o r ,  the decade frequency generator,  and t h e  frequency nul- 
",plier and dual-frequency converter  t o  give a highly accura te ,  precisely 
cont ro l led ,  continuous coverage of the frequency range of 2.0 t o  2 ,R  Mc/s. 
This output i.3 supplied t o  t h e  main frequency converter i n  place of the 
ad jus tab le  o s c i l l a t o r  odtputs of 2,O t o  2.8 Mc/s t o  give very fine tuning 
cont ro l  and much higher s t a b i l i t y  f o r  c r i t i c a l  measurement appl ica t ions  i n  
the microwave frequency band, Normally, the  mul t ip l i e r  s tage  or  the f i r s t  
converter  s tage  w i i l  De m e d  t o  generate mulbiples of 100 kc/s o f  f r o m  1530 
t o  2230 kc,l/s, obtained by multiplying or  mixing outputs from the aecade fre- 
quency generator.  '20 these respect ive frequencies  t h e  500 to 600 kc/s from 
t i e  o s c i l l a t o r  is added, through use o f  t he  second converter s tage .  The 
o s c i l l a t o r  should almys be patched i n t o  t h e  right-hand input jack on the 
converter  s tages  t o  reduce harmonic in te r fe rence  o r  spurious frequencies i n  
the output.  These spurious frequencies are cauaad by harmonic d i s t o r t i o n  
of the osci l la tor  frequency i n  the  converter  tube and,  when these harmonics 
f a l l  near  the des i red  outpub frequency, may be of s u f f i c i e n t  amplitude t o  
be bothersome under c e r t a i n  oonditions.  If such in te r fe rence  occurs,  the 
other  side-band or  d i f fe rence  frequency may be used i n  some cases t o  obtain 
the same output frequency, o r  the  o s c i l l a t o r  frequency may bc i n j ec t ed  a t  
khc f i r s t  converter  and A f ixed  frequenoy subsbi tuted a t  the second converter,  
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The l a t t e r  method requires t h a t  one more tuning aont ro l  be kept  i n  s t e p  when 
ad jus t ing  t h e  o s c i l l a t o r  frequenoy. 
i n  d e t a i l  under sec t ion  4-C. 
t i on  only o r  f o r  mixing frequenciee e n t i r e l y  derived from the standard, no 
harmonic side-frequenoies are generated. 

Fixed frequencies a t  100 kc/s i n t e rva l s  i n  the frequency range 2,O t o  
2.8 Mc/a a r e  generated by multiplying o r  combining i n  the  converters t h e  out- 
puts from the  decade frequency generator,  Several  combinations a re  possible 
f o r  many of the frequencies and, s ince  no 
are present ,  any r ead i ly  obtained combination may be Fed. 
puts ,  when using these frequencies,  a r e  most  usefu l  f o r  ca l ib ra t ing  tunable 
frequency meters or  for supplying marker frequencies i n  any port ion of the 
microwave epecrtrum. 

4. Operating Technique and Preoautions i n  Use of  Equipment 

Spurious frequency responses a r e  t r ea t ed  
Pihen using the  converter s tages  f o r  mult ipl ica-  

harmonfo-generated side frequencies 
The microwave out- 

a, Frequency Standard - 
In using the microwave frequency standard,  the desired o s c i l l a t o r  u n i t s  

should be turned on and s t a b i l i z e d  and t h e  proper interconnections completed. 
The meter on the  103 t o  7500 ka/s mult ip l ie r  should be adjusted t o  read a t  
one-half s ca l e  when the  meter switch is i n  the left-hand pos i t i on  by means of 
the l eve l  cont ro l  on the  100 kc/s d i s t r i b u t i o n  ampl i f ie r ,  This meter a leo  
serves as a convenient indioat ion t h a t  th8 100 kc/s is being supplied when 
s t a r t i n g  up the equipment, 
jacks and power leve ls  and serve as convenient relative-power-output indica- 
t o r s  when tuning up o r  adjust ing the  various c i r c u i t s ,  

Lamp loads are ava i lab le  f o r  the  various output 

Tuning of t h e  various s tages  should progress f rom the lowest-frequency 
s tage  :t t l ~  through the various mixers and mul t ip l ie rs  t o  the output stage. 
Meters are avai lab le  on each tunable s tage  f o r  ad jus t ing  t o  resonance. 
These meters give no indioat ion of the power output; i n  most cases they ehow 
conditions of m a x i m u m  radio-frequency cur ren t ,  
a l so  provided for t he  90, 270, and 810 Mc/s mul t ip l i e r  output s tages ,  bu t  
s ince  the  m d t i p l i e r  e f f ic iency  is low i n  these s tages ,  these meters show 
s l i g h t  ind ica t ions  of  resonance and a re  c h i e f l y  useful  f o r  determining tube 
loading. 
praoticafly fool-proof,  Detuning of any of the s tages  o r  ,operation a t  
minimum bias cont ro l  settings w i l l  not overload the tubes,  
caut ion should be observed when using c r y s t a l  mul t ip l ie rs  on any of the 
outputs,  that; the c r y s t a l  is n o t  burned out  from a sudden overload as the 
output s t age  is tuned up. 
a r e  adjusted by means of a bias con t ro l  for each stage.  
the 90 k / s  s tage  is  so balanoad that output from t h i s  s tage  may be oon- 
t r o l l e d  from 0 t o  approximately 2 w a t t s .  
s tages  i s  normally adjusted by means of' t h i s  same 90 Mc/s control ,  t he  other 
bias  controls  baing adjusted f o r  optimum operation and l e f t  there .  Filament 
switches are provided on the 270 and 810 Mc/s s tages  f o r  turning these  tubes 
off when not  i n  use. A grid-range switch in the 810-Mc untuned input  must 
a l s o  be thromn t o  the proper pos i t ion  when using the 270 o r  810-Mc stages, 

Plate-current  meters a re  

The vary low e f f i c i ency  of  t h e  output stages makes the  system 

Considerable 

Output leve ls  f o r  each of t h e  three output s tages  
The exc i t a t ion  t o  

Output from each of the other  
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The pract ice  o f  turning o f f  a l l  of the equipmant except the  osci3lators 
f o r  seandby per iods  o f  s e v e r a l  hours o r  g rea t e r  will save cons idernbly  on 
tube replacements e The cons idemble  reduct ion  i n  boating a l s v  reduces t h e  
l o a d  on t h e  a i r - cond i t ion ing  unit dur ing  such per iods .  

b o  Crys ta l  Mult ipl ierr j  

The u a e  of s i l , i con -c rys t a l  r e c t i f i e r s  of the  s e r i e s  1x21, IN23, IN26, 
or o the r  types to  gene ra t e  high harmonics f r o m  the s tandard  frequency out- 
pu ts  a t  30, 90, 270, and 810 Mo/s s i m p l i f i e s  considertxbly the measureniont 
of' microwave f roquenoics.  These r e c t i f i e r s ,  h m t v -  r, have c e r t a i n  l imi ta -  
t i o n s  which must be considered when used in t h i a  manners Sinoe t h e  power 
outputon any p a r t i c u l a r  harmonic i s  very low ( t h e  o rde r  o f  microwatts)  it i s  
necessary  t o  work the crystal r e c t i f i e r  a t  very  n e a r l y  t h e  maximum power 
i n p u t  it w i l l  s t and  under cont inuous operat ion.  ' rhis  povrcr i a  o f  t h e  order  
of 0.1 t o  0,5 w a t t  depending on the type and condi t ion  o f  the c r y s t a l  be ing  
used. Crys t a l  i n p u t  impedances genera l ly  range from 100 t o  500 ohma. 7 

J q  

+A 
The optimum e x c i t a t i o n  i s  r e a d i l y  apparent  f o r  any p a r t i c u l a r  harmonic ' c ,, 

if  t h e  output; i s  obeerved on t h e  spectrum ana lyze r  oac i l loscope .  
power i n p u t  beyond t h e  optimum p o i n t  w i l l  r e s u l t  i n  rapid l o s s  o f  ou tput  
which w i l l  drop t o  zero a t  pO86ibly twice the optimum i n p u t  power. If a 
meter is connected no as t o  read r e c t i f i e d  c r y a t a l  cu r ren t ,  i t s  reading will 
be maximum when the g r e a t e s t  harmonic power is be ing  generated.  
decrease i n  output  c u r r e n t  or  r e c t i f i c a t i o n  e f f i c i e n c y  under overloaded con- 
d i t i o n o  i s  gene ra l ly  a t t r i b u t e d  t o  a reduct ion  of' the reverse  r e s i a t a n c e  of 
t he  c r y s t a l ,  Maximum c u r r e n t  will gene ra l ly  be of the order  of 21) t o  50 
mill iamperes ,  
a d j u s t i n g  f o r  maxin~tun harmonic output and a180 s e r v e s  t o  show, t o  Some e x t e n t ,  
t h e  condi t ion  of t he  c r y s t a l ,  Operation a t ,  o r  very near the  po in t  of m a x i -  
II;LUIL harmonic powcr output  reduces cons iderably  the  tendency toward jumpiness 
of the  received signal an the oeci l loscope .  However, ope ra t ion  o f  a c r y s t a l  
r e c t i f i e r  at i npu t  above the maximum c u r r e n t  o r  hannonio output  point f o r  any 
cons iderable  per iod  of time w i l l  raeul t  i n  f o s r  o f  s e n s i t i v i t y  or burn-tLt of 

Inc reas ing  

%hie  

The use of an i n d i c a t i n g  meter givee a convenient  means of  

the c r y s t a l ,  

11; ths wave-jyide mounts where t h e  base of t h e  crystal  i s  clamped a t  one; 
sic2.c o f  tiha wave guide, nn i n s u l a t e d  connection may be installcd f o r  uac i n  
ope ra t ing  a r e c t i f i e d - c u r r e n t  meter,, 
the cutlet A low impedance t o  microwave power. By u s e  of a v a r i a b l e  resiL- 
i n  the  meter circuit, a r e c t i f i e d  nega t ive  bias can  be med on the c r y s t a l  
which may improve the  genera t ion  o f  hwrmonics by  as much as 6 db ir, some 
cases .  This  reduces the  power d i s s i p a t i o n  i n  the  c r y s t a l  but increases che. 
reverse  vol-tage app l i ed ,  
vo l tage  c r y s t a l s  auch as welded germanium crystals may inc rease  cons ide rab ly  
the amount of micrawave power output;. On t he  o t h e r  types o f  c r y s t a l  mounts, 
some form o f  shun t  f eed  on t h e  canter conductor of the  radio-frequency inpu t  
cable  can be used t o  o b t a i n  the  conneotion p o i n t  f o r  c r y r t a l - c u r r e n t  m t t c t r  
and b i a r  c o n t r o l ,  

A bu t ton  sondcriser i s  usafut i n  making 

Tho use of' some of t h e  newer types of high-Sack 
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By mea.nc~ o f  t he  c r y s t a l  cur ren t  tap o r  through a regular  coaxial  T con- 
nect ion,  an addi t iona l  frequency may be in jec ted  i n t o  the c r y s t a l  mu l t ip l i e r  
t o  give a ids  bands on both s ides  of  every harmonic o f  the mul t ip l i e r  output.  
These s ide  bands a r e  useful  as addi t iona l  marker frequencies and a8 a means 
o f  higher accuracy i n  the  ca l ib ra t ion  of frequency meters, i f  the s ide  band8 
a re  genaratsd a t  approximately the  half-power point8 . 
sidebands and responses and some of  t n c i r  c a u d a  a r e  dircusaed i n  sec%ion c 

Uadesirec! 3:'. rinu8 

p- IOY under "spuriou8 f r e q u ~ n c i . 8 ~ .  

In  tuning up t h e  mul t ip l i e r  it i s  best  t o  ad jus t  the  b ias  cLer , t ro l  t o  
give low output,  maximize eaoh of the tuned s tages ,  inoludiag the final out- 
pu t  etage and then maximize the  harmonic output by adjustment o f  the  90 Mc 
bias  control .  
and has not  been f a l s e l y  detuned t o  show maximum harmonic output because the 
c r y s t a l  had been overloaded a t  resonance. 

This insures  t h a t  each radio-frequency s tage  is tuned properly 

The use of " l i n e  s t re tchers" ,  matching transformers, etc., i n  t h e  l i n e  
feeding the c rys t a l  mu l t ip l i e r  is usual ly  not  neceesary, except perhaps a t  
the  810-Mc input  frequency. 
several  times as high as t h a t  of t h e  l ine,  standing waves w i l l  develop. 
By having adequate reserve p m r  the  optimum e r y s t a l  exc i t a t ion  may s t i l l  
be maintained. In  the 810-Mc s tage  the  use of a l i n e  s t r e t che r  of s i x  t o  
e igh t  inches var ia t ion  may prove helpful .  

Since the  c r y s t a l  impedanoe is general ly  

c Spurious Frequencies 

Spurious o r  undesired frequencies i n  t h e  outputs from the  o r y s t a l  multi- 
p l i e r s  a r e  introduced from severa l  sources which w i l l  be discussed separately.  
It should be noted t h a t  spurious frequencies s l i g h t l y  separated from the 
desired dr iv ing  frenuency and 30 t o  40 db down i n  10-1, may, when passed 
through the  c r y s t a l  mu l t ip l i e r ,  come out a t  equal amplitude w i t h  the desired 
harmonics or i n  some cases even completely obscure the  desired frequency. 
Proper converter adjustment, reducing these i n t e r f e r i n g  frequencies by 50 t o  
60 db i n  the range where harmonic in te r fe rence  develops and oareful  tuning 
of  t h e  other stages  w i l l  reduoe these in te r fe rences  t o  a s a t i s f a c t o r y  level .  

(1) Mul t ip l ie r  Side-Frequencies 

Side-f requencies a re  generated i n  the f requenay-:..iLltiplier s tages  which 
cons i s t  o f  adjacent  harmonios t o  the  desired harmonio output. These adjacent  
harmonios appear i n  the output with a r a t i o  t o  the desired frequency which i s  
determined by the r e l a t i v e  hannonio content generated and by the  s e l e c t i v i t y  
of the output tank o r  f i l t e r  employed. 
more d i f f i c u l t  it becomes t o  separate  a given harmonic from the  adjace;t m L 9  

as t h e  p e r  cen t  o f  separat ion becomes increasingly less. 
frequenoy mul t ip l ie rs  are used, these side-frequencies have a tendency t o  
r i d e  on through successive etages,  giving side-frequenoiee i n  the outputs 
whioh are spaoed the or ig ina l  side-frequanoy difference from the  desired out- 
pu t  as well  as harmonics of t h i s  difference.  The side-frequencies may o r  
may not  be symmetrically located around the  desired frequency and c e r t a i n  of 
these frequencies may be missing o r  very highly at tenuated,  

The higher the harmonic order, the 

Where multi-stage 
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I t  i s  obvious t h a t ,  where these side-frequencies prove bothersorr:e, tne 
l c b * i c s l  place t o  reduce them i s  i n  the s tages  where they are generated i n  
~ H C I  case. The use o f  several sepnrntely tuned ? i r c u i t s ,  loosely coupled, 
o r  II multi-section conventional f i l t e r  i s  usual lv  s u f f i c i e n t  t o  reduce the 
amplitude of such responses t o  a s a t i s f a c t o r y  point .  duch f i l t e r  networks 
w i l l  be noted i n  t h e  de t a i l ed  c i r c u i t  schematics o f  the various n u l t i p l i e r  
and converter units. Crystal f i l t e r s  are also useful  when t h e  separat ion 
is  small ( l e s s  than about 10%) b u t  must usua l ly  be used i n  conjunction w i t n  
the  conventional networks. 

I n  using the output from one of the m u l t i p l i e r  s tages  t o  dr ive  a 
c r y s t a l  mu1 t i p l i e r  t o  obtain high harmonics f o r  microwave frequency measure- 
ments it i s  poss ib le  t o  obtain responses from other than the desired source 
frequency. This is  most l i k e l y  t o  occur i f  the oukput s tage  dr iv ing  the 
c r y s t a l  mu l t ip l i e r  i s  g r e a t l y  detuned, b u t  might occur through considerable 
detuning of  an e a r l i e r  s tage.  Usually these responses a re  o f  greably 
reduced amplitude and are eliminated by proper tuning. 
t o  occur when using tile "?!I t o  810-Mc s tages ,  where the 30 and 90-E:~ s ide-  
frequencies are separated by a smaller percentage o f  the  operat ing frequency, 
Su f f i c i en t  f i l t e r i n g  has been employed i n  a l l  bu t  t h e  high-level output 
s tages  t o  reduce these spurious frequencies t o  a neg l i c ib l e  amount, 

They a r e  more l i k e l y  

( 2 )  Converter-Generated Harmonic Interference 

This type of in te r fe rence  i s  caused where a harmonic of one o f  the  f r e -  
quencies of a converter  s tage  beats with one of t he  other  frequencies,  giving 
o. heterodyne wh i s t l e  i n  the output as the  tuning is varied,  Higher harmonics 
o f  both mixed signals i n  a converter may a t  times give d i f fe rence  frequencies 
which are  near t h o  d e s i r e d  sum o r  differcnae frequency and intro.;'i:* 2 spur i -  
ous b e a t ,  o r  s idebnad frequency i n  the d5sired output,  

''1 spez i f i c  exanple of t h i s  t pe of in te r fe rence  occurs i n  the main frc- 
quensy cowertier when the 7&!5 Bdc P s and approximafxly 2.5 Mc/s f r o m  the  
adjurtt&'ol* o s c i l l a t o r  art  added t o  obtain frequencies i n  the  region o f  '13 
K c / s ,  
v i l ?  '3e 1'3,'?13 kc,/s. The fourtln harmonic of the 2510 kc/s i s  10,043 kc/s 

tency will a l s o  appear i n  the output o f  the converter.  Lnhe 
ainp'iitude o f  th i s  i n t e r f e r ing  frequency depends upon how f a r  it devia tes  
r'rcln the resonance frequency of' the p l a t e  f i l t e r  network find upon Uie t y . ~ ~  
a n d  ope?rati?g: zrmditions of t he  frequency converter,  For a given conver t*r  
outi)ut band-willtb, tho higher  harmonic orders ( l a r g e r  r a t i o  be-tween the t v t c  
mixed f roqucnciss) would cause less i n t e r f  crence b u t  would require  a g; r:atc,r 
csci 12nt;or tuning range and might; give several  harnonis cross-over poiqc:. 
Push-push o r  push-gull converter c i r c u i t  arrangements may be uk i i l i zed  bo 
reduce the  even o r  odd harmonic responses, bu t  i t  6eems very d i f f i c u l t  ti: 
obtain both r e su l t s  with a given arrangement. 

If t:it oscillator i s  s e t  on 2510 kc./., the desired output frequenaAr 

The main converter u n i t  uses  a balanced c i r c u i t  arrangement to  a t t e n -  
ilrt.: t h e  C V C ~  harmonic responses as the  fou r th  harmonic of the low9r mlxed 
fre2uency is the only one which fa l l s  w i t h i 3  the  ope ra t ing  range. NeaCla~s  
t o  say,  the mixed frequency i t s e l f  should b e  very f r e e  o f  such i n t e r f e r h g  
iiarrnoni=s; he i n t e r f e r i n g  frequencies are then only those generated by tnr? 
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non-linear operations of t h e  converker element, 
used i n  the screen c i r c u i t  of  the tmo couverter tubes t o  minimize iFe har- 
monic interference,  Because of s t r a y  coupling and phase changes with tun- 
ing, complete cancel la t ion d o e s  not occur but  a d e f i n i t e  ,ad jus  tment minimum 
i s  obtained. An addi t ional  front-panel cont ro l  i s  ava i lab le  f o r  ad jus t ing  
the  o s c i l l a t o r  input power when working i n  t h e  10-Mc output range o f  the 
converter. By t h i s  means s a t i s f a c t o r y  operation i s  maintained throughout 
the i n t e r f e r i n g  range; t h i s  control  may be operated a t  maximum throughout 
the remainder of the frequenoy range, Improper operation i n  the interPering 
range i s  immediately apparent when using a spectrum analyzer on the c rys t a l -  
mult ipl ied output by t h e  appearance of a number o f  pipeson t h e  screen very 
c lose  t o  the desired s ignal .  I n  sone cases  o f  improper adjustment the 
desired s igna l  w i l l  be completely absent,  with a band of  spurious frequencies 
o r  "grass" on each side of the desired frequency. 
input w i l l  allow t h e  co r rec t  s i g n a l  t o  come through and will reduoe o r  elim- 
i n a t e  t h e  interference.  
w i l l  of ten improve a s igna l  which shows s l i g h t  interference.  I b n  properly 
adjueted, the  r a t i o  of harmonic-generated intHrference t o  desired output a t  
the, 30-M~ jack i s  of the order of - 50 t o  - SO db, %hen misadjusted, through 
unbalanosd screen resistor o r  unbalanced converter tubes,  o r  through too high 
an input  power of tho  adjustable  o s c i l l a t o r  frequency, a ratio of approximately - 40 db o r  lower may r e s u l t  i n  unusable frequency output i n  the  microwave 
regi  on. 

h balancing r e s i s t o r  i s  

Reduction of o s c i l l a t o r  

S l igh t  adjustment of the  converter tuning cont ro l  

In t h e  frequency mul t ip l i e r  and dual frequency converter a somewhat d i f f e r -  
en t  method i s  used t o  reduce t h e  hannonic-generated interference.  These.units 
cover a w i d e r  range of frequencies so t n a t b o t h  even and. odd harmonic frequan- 
c i e s  would appaar i n  t h e  output,, 
type are  of much simpler design, these  were employed. An advantage of desired 
frequenoy t o  harmonic interferenoe of  55 t o  81: db was obtained (depending on 
t h e  i n t e r f e r i n g  harmnic  order) by using 6AC7 tubee as ccnverters  a t  very low 
eff ic ienoy,  
low level w i t h  bfia okhar frequency applied at c la s s  C l eve l  t o  the oontrol  g r id .  
I n  t h i s  manner a completely usable output i s  obtained by following the  converter 
s tage  w i t h  s u f f i c i e n t  power amplif icat ion 
f l e x i b i l i t y  of t ho  o a b l a  connections and the  number of pcss ib le  frequency combin- 
a t ions  allow a harmonic-free operating poin t  t o  be chosen, 

As single-ended converters of t he  tunable 

The harmonic-producing frequency i s  applied t o  t h e  cathode at very 

Should in te r fe rence  develop, t h e  

(3 1 P a r a s i t i c  Osei l l a t i  onti 

Bpurieus frequencies of  this type should not  be present i n  any of the  equip- 
Mging of components, increased secondary emission, 

Such o s c i l l a t i o n  is often of  t h e  forced type and 

ment when operating normdly. 

t i ons  of t h f e  type t o  develop, 
is not; evident when tuning by meters o r  bulb loads. 
spectrum analyzer,  such o s c i l l a t i o n  i B  immediately apparent as a heavy "grass" o r  
noise on thb  Sass l i n e  w i t h  no cen t r a l  s igna l ,  If l i s t ened  t o  on a reoeiver, t he  
signal w i l l  tune broadly and have Q very high noise  level, I n s t a l l a t i o n  o f  a new 
tube or proper o i r c u i t  adjustment should el iminate  m y  such condition, 
some two-state oso i l l a t ion  between the  90 and 270-Ma s t a t e s  was eliminated by 
ineula t ing  the three-stage sh i e ld  oover a t  the 90-Mc end, which proved t o  be a 
source of  comon ooupling, 

. 

' o r  changes i n  tube aha rac t e r i s t i c s  which sometimes occur, might. oau6e oscil la- 

However, i f  observed on a 

A trouble- ' 
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( 4 )  Spec t re - l ' lna lyeer  Hesponses 

The various spectrum analyzer d i f f e r e n t i a t i n g  c i r c u i t s  introduce pips  
on the  analyzer screens.  
and controls  on the analyzer,  thss,: p i p s  CUI be reduced or plaosd out of 
the working range t o  avoid confusion w i t h  the desired responses. 
doubt as t o  the source of  such a s igna l ,  the standard frequency radio- 
frequency power may be cut o f f  momentarily by the p l a t e  switch on the  
adjustable  o s c i l l a t o r  o r  decade frequency generator i f  used. 
disappears,  it is  iden t i f i ed  as  a harmonic o f  the stnndard frequency being 
supplied t o  the c r y s t a l  mul t ip l ie r .  

By proper posi t ioning of  t h o  various switches 

'fihen i n  

If the p i p  

d. Frequenay Meters 

I n  the  ca l ibra t ion  o f  frequency meters by use of a spectrum analyzer, 
a ca l ibra ted  reaction-type f requency meter i s  general ly  coupled t o  the 
analyzer converter arrangement so as t o  obtain an approximate ca l ib ra t ion  
of t h e  loca l  o s c i l l a t o r  on the  analyzer,  and a l s o  t o  i den t i fy  t h e  harmonic 
order of  the  mult ipl ied standard frequency. 
ib ra ted  i s  then placed,between t h i s  ca l ibra ted  meter and the c r y s t a l  fre-: 
quency mul t ip l ie r ,  Reaction-type frequency metere are coupled by use of  a 
T connection i n  the coaxial  l i n e  o r  waveguide, with an i so l a t ing ,  matched 
r e s i s t i v e  at tenuator  placed on each s ide  of the T t o  reduce reac t ive  coup- 
ling t o  the frequency meter being ca l ibra ted .  Transmission-type frequenoy 
meters a re  coupled d i r e c t l y  i n t o  t h e  l i n e  w i t h  s imi l a r  use of  matched a t t a a -  
ua tors  OR each s ide  of t he  frequency meter. Fixed at tenuators  of 10 db each 
have proven general ly  sa t i s f ac to ry ;  ahjustable  a t tenuators  a r e  convenient 
b u t  may introduce somewhat grea te r  mismatohing. 

The frequency meter t o  be ca l -  

F o r  a symmetrical transmission-type cav i ty  frequency-meter, e f f e c t s  of 
mismatch on observed resonance frequency may be judged by means of the 
following formula - 

In t h i s  formula A f ig-. the magnitude of the maximum frequency shift corre- 
sponding t o  cxtemal. loading of the  cavi ty  on one s ide  ( e i t h e r  input  o r  
output) by an impedance character ized by a voltage standing wave ratio r. 
f i s  the  resonance frequency, QJ i s  the  Q of the  cavi ty  with matched loads 
on both input  and output,  and T i s  the r a t i o  of power transmitted t o  power 
incident  on t h e  c a v i t y  a t  resonance. 
mismatches on both input  and output is the  sum of the individual  frequency 
s h i f t s  calculated by the above formula,. 
i f  Qeis large and r is na t  much greater  than uni ty ,  
l e t  r = 1015, Qg = 4000, T = 1/4, f = 10,000 Mc. 
quency s h i f t  corresponding t o  a mismatch of r = 1.15 on both s i d e s  of the 
cavi ty  i s  approximately 0.1 Mc. 

The maximum t o t a l  frequency s h i f t  wit: .  

The formula is a good approximation 
As a numerical example, 

Then t h e  maximum t o t a l  fre- 

'*!hen ca l ib ra t ing  tunable transmission-type frequency meters it is nbccs- 
sary t h a t  both the  frequency meter and the local o s c i l l a t o r  on the  analyzer 
be tuned very accurately t o  the frequency being used f o r  ca l ib ra t ion  and 
t ha t  t h i s  frequency be adjusted t o  give a usable output.  A grea t  amount of 



adjustment and searching can be avoided If a T conneotion i s  placed on each 
s ide  of the frequenoy riiater beyond the at tenuators ;  a f l e x i b l e  piece of 
waveguide o r  coaxial  line is then used t o  bypass the frequency meter and 
at tenuators  while the cry3 tal  mul t ip l ie r ,  frequenoy standard, and, loca l  
o s c i l l a t o r  a r e  adjusted. This connection is then broken a t  one end and 
t h i s  frequency meter tuned f o r  maximum response. I n  t h i s  manner, transmis- 
sion-type frequency meters are no more d i f f i c u l t  t o  c a l i b r a t e  than those of 
t he  reaction-type. 

Pihen s e t t i n g  up a frequency meter f o r  ca l ib ra t ion ,  t he  unsealed type 
should be l e f t  disconneoted f o r  a s u f f i c i e n t  time t o  s t a b i l i z e  humidity 
within the  cavi ty .  
mway from t he  spectrum analyzer and other  heat-generating equipment t o  
a l l o w  the  cav i ty  t o  remain a t  the  temperature of the c a l i b r a t i n g  room. 

Also,  t h e  frequency meter should be mounted far enough 

. Care should be taken when varying the  output frequency of the  fre- 
quency standard t h a t  the output leve l  remains constant o r  the frequency 
a t  which a maximum o r  minimum i s  measured w i l l  be i n  e r r o r .  

e o  Speotrum Analyzers 

Spectrum analyzers of severa l  types are ava i lab le ,  but a l l  are cssen- 

The loca l  o s c i l l a t o r  i s  frequency modulated by a saw-tooth 
t i a l l y  high-gain receivers  of t h e  " p a n o r d o "  type with cathode-ray tubes 
as indioa tors .  
frequency i n  synchronism with t h e  sweep frequency of' the osai l losc0ps 
tuba,  allm5ng one t ; ~  observe t he  response of s igna ls  within the  range 
covered, 
converter ,  an ind ior t lon  w i l l  appear when the  loca l  o s c i l l a t o r  i s  e i t h e r  
lower or  higher than lihe received signal by an amount equal t o  the i n t e r -  
mediate amplif ier  frequency. Most of the analyzers m y  be adjusted from 
zero  sweep width t o  a r a l u e  wide enough t o  show both responses as the  loca l  
o sc f l l a to?  is ~ w e p t .  
driven by recistfieu converter-crystal  current  var ia t ions ,  f o r  observing t he  

matshing p z p  rm thfa aurve, an approximate ca l ib ra t ion  of frequency meters 

de no image r e j ec t ion  i s  employed ahead o f  .the c r y s t a l  frcqusnoy 

Provision 1s also made, through a video amplif ier  

mode" adjustments or sweep range of the k lys t ron  loca l  o s c i l l a t o r .  By u 

may be made. 

I n  ca l ib ra t foo  work, tile klystron loca l  o s c i l l a t o r  is usual ly  operated 
with a wide frequency swing during preliminary adjustment and then narrowed 
dawn f o r  f i n a l  observations. 
i ng  over a narrow range as t h i s  gives the resonant c i r c u i t s  i n  t h e  i n t e r -  
medfat,e-%reyue;nrc,ji amplif ier  mare t i m e  t o  bui ld  up as the  frequency i s  swept 
t y  tho pass-band ~f ths ampl i f ie r ,  
o r  ability t o  d i f f e r e n t r a t e  between c lose ly  adjacent frequenoies,  is deter- 
mined by the band-width of the i-f amplif ier .  

Greater s f f eo t ive  gain is  obtained when sweep- 

The maximum reso lu t ion  of an analyzer, 

Figu 7 erhom a photograph o f  a spsotrum analyzerJ c r y s t a l  mu l t ip l i e r ,  
axld frequgacy meters set; up f o r  ca l ib ra t ion  in t h e  8,500 t o  10,000 MC/S 
f mquency range 
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11 betai led Unit - Uescript ions 

the equipment. Voltage and cu r ren t  readings on the  various tubes a r e  not 
given as i n  frequency mul t ip l i e r s  and radio frequency amplif iers  these 
values vary widely with e x c i t a t i o n ,  loading and b i a s  a d j u s t m n t s .  
case i s  the  maximum recommended value exceeded. 

The following de ta i l ed  descr ip t ions  are given as an a i d  i n  maintainins 

In  no 

The e n t i r e  i n s t a l l a t i o n  i s  assembled i n  three  heavy du ty  enclosed relay 
racks.  Panels are standard 19-inch sizes f o r  rack mounting. Connector 
cables and jacks are e i t h e r  General Radio coaxia l  type or  Army-Kavy type R. 
Zacn unit- i s  ind iv idua l ly  fused and a-c power i s  supplied through a miniature 
motor-base type of connector,  A master s w i t c h  and plug fuses  are also pro- 
vided in each rack. 

1. Frequency Mul t ip l ie r ;  Output 7.5 Mc/s 

a. Description 

The purpose of t h i s  unit i s  t o  n u l t i p l y  the 100 kc/s f r o m  the primary 
frequency standard t o  7500 kc/s, which i s  one o f  the input  frequencies o f  
t he  main converter-mult ipl ier  u n i t .  'The mul t ip l i e r  cons is t s  of two push- 
p u l l  quintupler  s tages  and one push-pull t r i p l e r  s t age ,  a l l  using 6SJ7 tubes.  
I t  i s  necessary t h a t  the output frequency be very free of harmonics and mul- 
t i p l i e d  side-frequencies i n  o r d e r  t o  avoid generation o f  undesirable spurious 
components i n  t h e  converter unit. 
mu l t ip l i e r  s tage  by the use of multiple tuned f i l t e r  transfzrmers,  vary com- 
p le te  sh ie ld ing ,  and decoupling networks, 
passed through an addi t iona l  f i l t e r  in t he  converter un i t .  

The s ide  frequencies are reduced i n  each 

The 7 . 5 4 ~  frequency i s  also 

b,  Opcratian and Service Ins t ruc t ions  

The 100-kc input  power should be adjusted by means of the left-hand 
con t ro l  t o  give a meter reading of 20.0 t o  300 mioroamperes with t h e  meter 
switch i n  pos i t i on  one. The meter switch positions 1 t o  6 provide r e l a t i v e  
readings of g r i d  e.nd oathode curren ts  i n  each s tage.  Proper alignment may 
be checked by removing the  cover p la te  on the  r e a r  edge o f  the chass i s  and 
adjusting condensers C1 through C 
as alignment progresses.  The output-stage trimmer, c 8 ,  should be adjusted 
f o r  maximum o u t p u t  on an externa l  i nd ica to r  or  for mininum cathode cur ren t  
with t h e  switch i n  Fos i t ion  s i x .  

f o r  nraximum g r i d  cur ren t  i n  each stage 7 

Operating c h a r s o t e r i s t i c s  are as follows: 

i'ovies input:  11(~ v., 60 c., a t  50 w a t t s  

R-f input:  

fi-f outputs:  

100 kc/s,  50 to 130 mw a t  500 ohms 

530, 2500, 7500 kc/s a t  25 t o  50 mw, 100 ohms 

H-f obtput pur i ty :  
7509 kc/s 2500-kc side-frequencies - 60 db 

other s ide-f requencies - 83 db 
3 r d harmonic .. 60 db 
o t h e r  harmoniGa - 80 db 
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2 500 kc/s 500-kc side-frequenoias 
100-kc sido-frequencies 
harmonic 8 

- 45 ilb 
-100 db - 60 db 

500 kC/8 side-freqwncias and harmonics - 60 db 
o. Parts List 

Resistor and oondonser values are given in the sahematio diagram, 
Fig. 8. 

Tuned transformor data are as followst 

T-1 Input traneformer, 100 kc/s 
pri.: 150 turns No. 36 on. silk COV. wire worord botween 8600nd8rie8. 
sec.: balanced windinp; lo. 36 en. silk oov. wire with l/4 inoh 

tuning condenserr dual oeramio-mounted, 125 w. eaoh 8 O C t i O n ,  

shiald am: 

between pies, total inductmoo 12 mh. 

in parallel. 
rluminum, 4" x 2" x 1 7/16". 

T-2 Output transformor, 500 ko 8 

induotance 0.92 mh, 
pri. t balanced winding 5 / 41 litt, 1/8 inoh between p h i ,  total 

sec.: 
tuning; oondenser, 

shield can: 

10 turns 7/41 litz, wound betwoan primary seotians. 
dual ceramic-mounted, 80 # m a x .  eaoh sootion, 

in parallel, 
aluminum, 4 1/8" x 2 3/8" x 2'. 

T-3 Coupling filter, 500 ka/s 
pri . t 
tming condenser: 

ahield cant 

5/41 lite , wound on powdered-iron cylindrical 
core 7/8" x 3/8", induotanoe 0.5 mh (no secondary) 

dual ceramio-mounted, 126 ppf max. each sootion, 
in parallel. 

aluminum, 4" x 2" x 1 7/16*. 

T-4 Input transformer, 500 kc/s 
pri. t 
sec.2 

tuning condenser8 dual ceramic-mounted, 126 maximum. 
shield can: 

10 turns 7/41 lite, wound between seoondaries. 
balanced winding, 5/41 lite with 1/8" between pies, total 

inductance 1 mh. 

aluminum, 4' x 2" x 1 7/16w. 

T-6 Output transformar, 2500 ko/s 
pri.: 

sec.: 1 turn No. 26 en. wire on 1 /p 2" form and centered inside 

tuning oondenseri 

rrhield can: 

66 turns, center-tapped, No. 26 en. wire on 1 inoh bakelite 
form, total induotance 70 . 
primnry winding. 

dual oerdc-mounted, 80 r)\f m a .  eroh reation, 
in parallel. 

aluminum, 4 1/8' x 2 3/8" x 2". 
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T-6 Couplinc filter,. 2500 kc/s 
p r i o :  62 tums No. 36 en. s i l k  cov. wire to ro ida l ly  wound on 

pDwdered-iron core l/2" x 1/2?? with 3/16'' d ia .  hole, 
induotance 90 ph (no secondary). 

i n  parallel, 
aluminum, 4" x 2" x 1 7/16". 

tuning condenser: d u e l  ceramic-mounted, 125 ppf' m a .  each sec t ion ,  

sh ie ld  cac: 

T-7 

T-8 

Input transformer, 2500 kc/s 
p r i . :  2 turns  7/41 l i t z  wound t o ro ida l ly  a t  center  of balanced 

secondary. 
8ec.t 56 turns No. 36 en. s i l k  cov. wire,  oenter  tapped, t o r o i d a l l y  

wound on powdered-iron core 1/2" x 1/2* with 3/16" d ia .  hole, 
inductance 80 ph. 

tuning condenser: dual ceramic-mounted, 125 pyf mx.  each section, 

sh ie ld  can: 

Output trmsf ormer, 7500 kc/s 
pr i . :  

sec.: 

tuning condenser: dual ceramic-mounted, 80 ppf max.  each sec t ion ,  

sh i e ld  can: 

in se r i e s .  
aluminum, 4" x 2" x 1 7/16". 

30 turns No. 26 en. wire, centcr-tapped, wound on l-inch 

1 turn  No. 26 en. wire wound on l/r! inch bake l i t e  f o r m  and 
bake l i t e  form,  t o t a l  inductrnoe 20 ph. 

centered ins ide  primary winding. 

i n  p a r a l l e l ,  
aluminum, 4 1/8" x 2 3/et' x 2rt. 

d. I l l u s t r a t i o n s  

Fig. 8. Layout drawing of frequency mul t ip l ie r ;  
100 t o  7500 kc/s 

Fig. 9. C i r cu i t  schematic of frequency mul t ip l ie r ;  
100 t o  7500 kc/s. 

Fig.  10, Pnotograph of frequency mult ipl ier :  
100 to 7500 kc/s ( t o p  f r o n t  View). 

Fig. 11. Photograph of frequenrry mul t ip l ie r ;  
130 t o  7500 kc/s (bot tom view). 

2. Frequency C o n v e r t a r - ~ ~ l t i p l i e r ;  Output 28.5 to  30,9 Mc/s 

a. Description 

This unit contains a balanced frequency odnverter stage, using 6SA7 
tubes,  which mixes 7500 kc/s derived f r o m  the primary standard of frequency 
and a very s t a b l e  adjustable-osci l la tor  frequency o r  other  standard frequency. 
The r e su l t an t  sum frequency, between 9.5 and 10.3 Mc/s, i s  passed through a 
tunable f i l t e r  t o  a t r i p l a r  s tage  using a 6AC7 tube. 
by a tuned amplif ier  s tage using a 6SK7 tube and having a low impedance output 
wni:.ic:i i s  used t o  d r ive  the  thrce-stage frequency mul t ip l ie r .  
amplifier tuning cbntrols  a r e  g a g e d  and tuning meters a r e  provided f o r  both 
the converter and t r i p l a r - ampl i f i e r  stages. 

This stage is followed 

The t r i p l e r  and 
' 
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b, Operation and deroioe Ins t ruc t ions  

Operation of the  uni t  i s  s t ra ightforward;  t h e  proper  inputs are con- 
nected and the stages  tuned f o r  maximum meter response. The d i a l  ranges 
are such t h a t  only the desired modulation product or  harmonic f a l l s  within 
the tuning range i n  each case. 
f i l t e r  and applied i n  push-pull t o  the converter grids.  
is passed through an adjustable  a t tenuator  and then through a band-pass 
f i l t e r  and applied t o  the gr ids  i n  p a r a l l e l .  In t h i s  manner, harmonics of 
the lower input  frequency whioh might be present  in t he  ' input o r  generated 
i n  the  tubes a r e  g r e a t l y  reduoed, as the  p l a t e s  are connected i n  push-pull, 
This is an important consideration as the  f o u r t h  harmonio of t he  adjustable  

% : : l t a t o r ,  when operating i n  the range of 2500 ko/6, w i l l  oauee in te r fe rence  
with the desired frequency i f  i t  i a  allovred t o  get i n t o  the  output c i r c u i t .  
Adjustment of the input  t o  give just  suf'fioient output t o  drive the  next 
s tage  when operating i n  t h i s  region w i l l  reduce th i8  interference-  t o  a nagl i -  
gible  amount. Hn adjustable  resistor i n  the soreen o i r o u i t  is provided on 
the ch&ssis t o  allow balancing t h e  convertor tubes t o  reduce t h i s  in te r fe rence ;  
t h i s  cont ro l  should be checked i f  the convertor tube6 a re  ohmgod. 

The 7.5 Mc/s i s  passed through an addi t iona l  
The 2.0 t o  2-8  Mc/s 

Alignment of t h e  various a i r o u i t s  may be oheoked by connecting the  proper 

These adjustraents should be made a t  t he  high-frequency end of 
i npu t  frequencies and ad jur t ing  the  sucoessive trimmer oondensere f o r  maximum 
meter response. 
the band and checked f o r  uniform response throughout t h e  band, making s l i g h t  
readjustments i f  necessary. The 2.0 t o  2.8-Mo b a d - p a s s  input  f i l t e r  may be 
ohecked by removing one converter tube, subs t i t u t ing  a vaouum-tube voltmeter 
between the No. 1 socket  pin and chassis  and al igning the  trimmers f o r  uniform 
response throughout the band. 

Adjustment of  the balanaing r e s i s t o r  f o r  reduoing harmonic crossover 
in te r fe rence  i s  ca r r i ed  out  by tuning the  adjustable  o s c i l l a t o r  t o  2,5 Mc/s 
and l i s t en ing  t o  the ' resul t ing 30-% output on the receiver .  
is then adjusted t o  give a bea t  note of about 1000 c/s i n  the receiver .  
2,5-Mc input-level cont ro l  is decreased t o  give j u s t  enough exc i ta t ion  f o r  
maximum output a t  30 Mc/s and the  soreen balancing cont ro l  i a  then adjusted 
f o r  minimum audio output i n  the  receiver.  

The o s c i l l a t o r  
The 

Operating charac te r i s  t ics of the oonverter-multiplier unit a r e  as 
f ol~ows : 

Power inputr 110 v, 60 c a t  50 w a t t s .  

E-f input: 7,5 &/e and 2.0 t o  2.8 Mo/s, 25 t o  50 mw at 100 ohms. 

R-f outputt 28,5 t o  30.9 Ma/8, 1 w a t t  a t  100 ohms. 

H-f  output puri ty:  higher order modulation components in operating 
band - 60 db 

:wnr.onio crossover interference a t  30-Mc 
poiut  - 56 db 

harmonics of  output - 45 db 
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e. Par t s  L i s t  

Resistor and condenser values a re  given i n  the  schematic d i ag rcx ,  
F ig .  13. 

Tuned transformer data  a r e  as follows: 

T-1 60 turns No. 34 en. w i r e ,  t o ro ida l ly  wound on 1/2" x 1/2" powdered- 
i ron  core with 5/16" dia .  ho le .  C-3, 1.5 t o  15 ppf, National Co. UX-15. 

T-2 p r i . :  2 turns  No. 28 en. wire t o ro ida l ly  wound. 
B O C . ~  66 turns  No. 34 enz. wire, oenter-tapped, wound t o ro ida l ly  on 

C-4: 
1/2" x l/Z" powdered-iron core w i t h  3/1Se dia .  hole. 

1.5 t o  15 ppf, National Co. UBb-lS. 

T-3 p r i e r  4 turns No. 28 en. s i l k  cov. wire wound over 
56 turns 'No, 34 en. wi re  wound hel ical ly  on m a . :  

powdered-iron coreo  

1/2* x l /ZH powdered-iron core. 
to rs  

Spacing: 
C - 1  and C-2: 

56 tu rns  No. 34 en. w i r e ,  canter-tapped, helically wound on 

between secondary and t e r t i a r y  cores ,  1/16 inch, 
45 to 140 pjaf', mica compression-type dual trimmers, 

ceramic mounted. 

T-4 p r i  ,: 32 turns, center-tapped, No. 34 en. wire toroidal ly  w o w d  on 
1/4" x 112" powdered-iron core wi th  3/16'' d i a .  hole. 

seen; 1 tu rn  No. 23 en. wire t o r o i d a l l y  wound. 
C-5; 1*5 t o  15 ppf?, National Co. Uld-15. 
C-5: 1.5 t o  5 p f l ,  National Co. UBb-15 with t w o  r o t o r  p l a t e s  removed. 

T-5 prier 1 turn Na" 2d en. wire t o ro ida l ly  wound. 
socsa 

iron core w i t h  3/15" dia. hole. 
terc 1 turn  No. 25 en, wire t o r o i d a l l y  wound. 
C-"r 1,s t o  15 p f .  h t i o n a l  Co. W-15. 
Z..>: 2,5 to 5 pp f ' ;  National Go, L%-15 with two r o t o r  p l a t e s  removed, 

32 turns No. 34 en. wire t o ro ida l ly  wound on 1/4" x 1/2" powdered 

'T-6 8 turns  No, 23 en, wire on 1" x 2* low-1ass  bake l i to  form. 
C-9; 
C-13r 1,s t o  5 ppf', National Co, upll-15 with tv io rotor plates removed, 

1,5 t o  15 ppf9 National Co. a-15. 

I!-? prio: 
sec,: 

C - 1 1 :  
S-12r 

8 turns  No. 28 en, w i r e  on 1" x 2" low-loss b a k e l i t e  form. 
1 t u n  No. 29 en. wire spaced 1/2" f rom low-impsdancs end of 

1,s t o  15 ppf, National CO. UM-15. 
1 - 6  t o  5 p p f ,  National Co. UM-75, with two r o t o r  p l a t e s  reinuved. 

p r i  winding, 

d, i l l u s t r a t i o n s  

F i g .  12, Layout drswing of frsquanoy converter-aul ti2li.er; outgut,  

-.---- 

2806 to 30,9 MC/d* 

Fig, 13, C i r c u i t  schematic sf frequency converter-mu?ti?lier;  au%i)ut 
t o  3003 UC/SO 
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Fig. 14, Photograph of frequency oonver t e r -mul t ip l i~ r ;  output  28,5 t o  

Fig. 15, 

30.9 MC/S (top-fron% view) .  

Photograph of frequency converter-mult ipl ier ;  outgJut 28.5 t o  
30.9 MC/S (botkom view). 

3. Adjustable-Frequency Osc i l la tors ;  2.0 t o  2.4 Mo/s and 2.4 t o  2.8 Mo/s 
-1- -- 

a. Descript ion 

The output from these o s c i l l a t o r s  in mixed with the primary-standard 
frequenciea t o  give complete coverage u f  the  mult ipl ied frequencies  i n  t h e  
microwave apectrum. The o s a i l l a t o r s  are Lsmpkin Laboratories tine 193, t o  
which have been added a highly f i l t e red ,  regulated power supply and two radio-  
frequency output s tages  using band-pass p l a t e  transformers,  Only the oso i l l a -  
t o r  tube and i t a  associated c i r o u i t  are used i n  t h e  Lampkin units, the other 
components being removed from the chassis .  
operated claara A t o  minimize harmonic in te r fs ranoa  in the converter  s tage.  
One of t h e  s tages  i s  provided wi th  output impedaneea of 50 and 500 ohms, e i t h e r  
ai' which may be ee lec ted  by means of a switah. 
t o r  is a l s o  provided f o r  momentarily t u n i n g  off the radio-frcquenay output  and 
s t i l l  leaving t h e  tubes i n  operat ing condi t ion,  

The 6AC7 ampl i f ie r  tubes are 

A p l a t e  switoh on the  oec i l la -  

b. Operation and Servioe Ins t ruc t ions  

The band-pass output  transformers reduce the  harmonic output and a l l o w  
low impedance coupling t o  t he  converter s tage.  
formers are over-coupled and loaded Y O  as t o  give e s s e n t i a l l y  f l a t  response 
throughout the operatine; band. 
most e a s i l y  c a r r i e d  out by using a 50-ohm resist ive load and a vacuum-tubs 
voltnuteron t h e  output,  s e t t i n g  tho o s o i l l a t o r  t o  2080 kc/s ( o r  2483 kc/s 
f o r  t h e  higher frequency i m i t )  and ad jus t ing  both trimmers for mnximum output ,  
repea t ing  t h e  adjustment several times. A f inal  check a t  each end of the 
band, and readjustment if necessary should r e a u l t  i n  the output being f l a t  
wi th in  1 db throughout the band. 

Those double-tuned trans- 

Adjustinent of the  trimer condensare is 

The o s o i l l a t o r s  are cal ibrated n t  10-ko i n t e r v a l s  by use of  the harmonio 
s e r i e s  generator and rece iver  and the o s c i l l a t o r s  may be se t  o r  cheoked a t  
intermediate points by use of t h i s  sa" equipment. If the  c a l i b r a t i o n  d r i f t s  
s l i g h t l y  through aging, it nay be brought i n t o  agreement with the c h a r t  by an 
adjustment of t h e  cor rec t ion  trimmer condenser. 

Operating c h a r a c t e r i s t i c s  are as follows 8 

Power input t  110 v, 60 c at 35 w a t t s .  

R-f output: 2,O t o  2.4 Mc/s and 2.4 t o  2 .8  Mo/s, 60 mw approximately 
a t  50 t o  100 ohms. 

i iawonio oontent 
i n  output: second harmonic 

th i rd  harmonic 
fou r th  harmonio 

- 60 db - 70 db - 80 db 
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Osci l la tor  
constancy8 Short-t ime var ia t ions  (3-ninute per iod) ,  less than 

1 c/s o r  1 p a r t  i n  2 mill ion approximately. 

Day-to-day va r i a t ion  i n  d i a l  s e t t i n g s  ( f o r  a maximum 
var ia t ion  of 100 c i n  ambient temperature), l e s s  
than 2 small d i a l  d iv is ions ,  o r  approximately 100 c/5 
a t  2.0 to 2.8 &/s. 

Baoklash i n  miorometer-dial mechanism, less than 1 
small d i a l  divis ion.  

c. Pa r t s  Li rb  

ParW values no t  shown i n  t he  soheraatic diagram, Fig.  17, a r e  as  
f ollows : 

T-2 pr i .2  2.0 t o  2.4 W / B ;  66 turar l o .  34 en. s i l k  oov. wire on 1/2" 

2.4 t o  2.8 b / 6 ;  62 turns No. 34 en. s i l k  cov. wire on 1/2" 

similar t o  primary i n  each case. 

x 1/2" oy l i ad r i ca l  powdered-iron core. 

x l/2" oy l ind r i ca l  powdered-i ron core. 
a m . :  
t e r t i a r y ;  4 burns No. 28 en. silk cov. wire wound over l w - 2 o t e n t i a l  

spacing: between primary and secondar cores,  1/16". 
primary load r e s i s t o r t  10,000 ohms, 1 7 2 mtC. 
trimmer condensers: C-11,  (2-12 and C-13, C-14; dual ceramic-mounted, 

end of secondWy. 

mioa-compression-type, 30 t o  120 w.Lf each sec t ion .  

T-3 Similar to T-2, exoept t e r t i a r y  winding is 12 turns  No. 28 en. s i l k  cov. 
w i r e ,  tapped a t  4th turn. 

d, I l l u s t r a t i o n s  

Fig. 16. Layouf drawhg of adjptable-frequency o s c i l l a t o r ;  2,O t o  2,4 
Mc/s and 2.4 t o  2.8 &/s. 

Fig. 17. C i rcu i t  schematio of adjustable-frequency o s c i l l a t o r ;  2.0 t o  
2,4 b / a  and 2.4 t o  2.8 Mc/a. 

Fig. 18. Photograph of  adjusbable-frequency o s c i l l a t o r ;  2,O t o  2.4 
Mc/s and 2,4 to 2.8 Mc/6 (top-front view). 

Fig., 19, Photograph' of adjustable-frequency o s o i l l a t o r ;  2.0 ko 2.4 
Mc/s and 2.4 t o  2.8 Mc/6 (botfom view). 

4, Three-Stage Frequency Multiplier.; Outputs 85.6 %o 92.7 Mc/s, 256.5 t o  
278.1 M~/s, 769 .6 t o  834.3 Mo/a. 

as  Description 

mk A i i t i  tkr-ee-stage frequenoy nud t ip l i e r  has output6 with approximately 8$ 

bandwidths at 90, 270 and 810 W/s.  These outputs are used t o  dr ive s i l i con -  
c r y s t a l  frequency mul t ip l ie rs ,  the harmonic6 from which cons t i t u t e  the stand- 
ard frequencies i n  the microwave spectrum. Harmonia8 f r o m  the 12th through 
the 36th are used where complete coverage 18 required. 
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The f i r s t  t r i p l e r  s tage uses an 829-B push-pull beam power tube with 
an untuned band-pass input  c i r c u i t  and a concentric-coupled, tuned output 
transformer. The second t r i p l e r  stage u8es an 832-6 push-pull beam power 
tube with reaonant p a r a l l e l  l i n e s ,  condenser tuned. An untuned p a r a l l e l -  
l i nes  inpu t  c i r o u i t  dr ives  the f inal  stage,  a range switch being provided 
t o  reduce loading when the f i n a l  s tage  is n o t  being used. 
l e r  s tage  uses two 2C40 disc-seal  tubes i n  push-pull, operating with t h e  
grids grounded and u t i l i z i n g  a b u t t e r f l y  taak ciruzuit. 
are provided on the  panel for turning o f f  the 270 and 810-Mc stags8 when 
these outputs tare no t  needed. 

The t h i r d  t r i p -  

Filament switohes 

A tuning meter is also provided f o r  eaoh 
8 tag0 0 

A separate  chassia contains the p l a t e  and f i lament  supply, regulated 
bias supply and p l a t e  cur ren t  meters f o r  each s tage.  h i s  uni t  also ccn- 
t a i n s  individual  b ias  adjustment controls  for  regulat ing t h e  power output 
of each stage.  

b. b e r a t i o n  and servioe i n s t r w t i o n s  

The d i a l  gearings f o r  the  90 and 270-Ma stages are ohosen s o  t h a t  t he  
operating bands oover about 80 d iv is ions  on the d i a l  scales:  f o r  the 810- 
& s t age ,  the operat ing band covers about 20 d i a l  divis ions.  
readings increase w i t h  inorbasing frequency. 

A l l  d i a l  

The 829-B tube may be changed by taking off  t h e  sh i e ld  cover and re- 
moving the  p l a t e  c l i p s .  
retune the  30-M~ band-pass input  transformer. These t rb" r s  are adjusted 
by removing the  bottom cover ana tuning so 8s t o  give uniform grid exc i ta -  
t i on  throughout the  operating band. 
regular  connecting cable should be w e d  during t h i s  adjustment as it was 
found that, when using a longer connecting cable,  the trinrmers could n o t  
be properly adjusted. 

If this tube i s  bhanged it may be nsaassary to 

The convcrter-multiplier unit and 

The 832-A tube may be changed by loosening t h e  8 e t  screw8 i n  the 
tuning gear and disengaging the f i b e r  condenaer-drive shaft. The four  
mounting screw8 i n  the supporting base are then loosened and the  p l a t e  
c l i p s  s l ipped off the tube pins allowing the  tube t o  be removed. 

The 2C40 tubes may be changed by loosening t h e  p l a t e  c l i p s  and un- 
hooking the concentric filament lead8 a t  the lower end. Tho tube mounting 
r ing  mary then be removed as a unit by taking ou t  the four supporting 8orewso 

Operating cha rac t e r i s t i c s  are as follows; 

Power input:  110 ye, 60 0 .  a t  100 w a t t 8  approximately 

R-f inputs 28.5 t o  30.9 Mc/s a t  1 w a t t ,  100 ohms approximately 

R-f  outputs 85.5 t o  92.7 b / s  a t  3 watts, 60 t o  100 ohms 
266.5 t o  278.1 MC/S a t  3 w a t t s ,  60 t o  100 ohms 
769,s t o  834.3 Mo/s a t  1 watt, SO t o  100 ohms 

Spurious frtquencries (harmonics and side-frequ6ncies) in the  90, 270, 
810 b / S  Output6 when properly tuned, less th&l - 50 db. 



Approximate working Q t s  of the output s tages  are as followsr 
SO-Mc s tage  90 

270-Bdo stage 180 
810-Mc stage 220 

C .  Par t s  l i s t  

Par t s  values not  shown i n  the schematic diagram, Fig. 21,  a re  as 
follows 8 

T-4 

T-5 

T-6 

T-7 

Band-pass input  transformer, 28.6 t o  30.9 &/a 
pr i t  
sac: 

t e r t i a r y 8  

2 tu rns  l o ,  28 en. s i l k  COV. wire wound over center  of secondary. 
16 turn8 lo. 32 en, s i l k  cov. wire on 5/8' x 2-3/8" polystyrene 

grooved form. 
12 turns ,  center-tapped, No. 32 en. s i l k  cov. w i r e  on 5/8" 
x 2-318' polystyrene grooved form, coupling with secondary 
titd j u s  table. 

loading: lOO,OOO-ohm, 1 w a t t  r e s i s t o r  across t e r t i a r y  winding. 
tuning aondenserst 

90 Mc transformer, tunable from 86.6 t o  92.7 Ma/6; 3 turns ,  center- 
tapped of ooax ia l  oopper tubing approximately 1.8" outside dia., c o i l  
1" dia. x 1" length. The inner wire is used as primary and outside 
sh ie ld  used 88 secondary o r  gr id  winding, 
tu rn  No. 14 wire approximately 1/2" dia. at center  of co i l .  Tuning 
oondenser, a p l i t - s t a t o r  type 2 t o  12w, i s  conneoted acroia gr id  
winding. 

270-Ma trandformer, resonant p s r a l l t l - l i n e s  type, tunable from 256.5 
t o  278.1 b / s .  
long, spaced 3/4" center-to-oenter. 
12 ppf' a p l i t - r t a t o r  condenser attaohed near  center  of lines. 
l i nk  is No. 10 copper wire loop 2R long by 3/4" spacing, plaoed 1" 
from low-potential end of l ines .  

Grid exc i ta t ion  f o r  the 810-Mc stage is through 1/8" dia. coaxial copper 
tubing of' approximately same length a1 p l a t e  l ines .  This stage is oathoda 
driven, t h e  heater  power being fed through the center  wires. This l ine is 
untuned, but a shunting l i nk  is provided for operation on the  810-Mc band, 
This l i nk  i s  opened by a panel control  t o  prevent loading the  270-I& stage 
when power i s  not  desired from the  810460 stage.  

dual ceramic, adjustable  trimmers, 3 t o  13 pf each. 

Output l i nk  OOnt3fstS of 1 

Primary cons is t s  of two 5/16" dia.  copper tubes 5 1/2* 
Tuning i 6  auoamplished by (L 2 t o  

Output 

8 1 0 4 ~  transformer, b u t t e r f l y  t e ,  tunable output from 769.5 t o  834,s 
Nc,/s3 dia. 2 1/2*, thiekness 1 7 2n, 4 s t a t o r  p l a t e s ,  3 ro to r  p l a t e s ,  
Both s t a t o r  and ro tor  p l a t e s  are shunted by brass  bars  at t he  back edges 

, on eaoh s i d e  a t  the  high-potential  points  t o  el iminate  a seoondary 
resonance ocourring rlear the  seoond harmonio range of the  270-Mc driving 
voltage. 
current  po in t  a t  bot tom of b u t t e r f l y  tank. Ehtire tank c i r c u i t  shielded 
by 1/8* t h i o k  brass box 5" x 5" x 2-3/8". 

Output link 1/2" square, coupling adjustable ,  placed a t  high- 
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d. I l l u s t r a t i o n s  

Fig. 20. Layout drawing of three-stage frequenoy mul t ip l ie r  and power 
SUPP l Y  

Fig. 21. Cirou i t  rchematio of  three-stage frequency mul t ip l ie r  and 
power supply. 

Fig. 22. 

F ig .  23. 

Fig. 24. 

Photograph of t h ree - shge  frequenoy mul t ip l i e r  (front view). 

Photograph of three-stage f requenoy mullsipli or. (top view). 

Photograph of three-stage frequsnoy mul t ip l ie r  (bottom view) .a 

Fig. 26. Photograph of power sup l y  for t h r e e d t a g e  frequency m u l t i -  
p l i e r  ( top-front view P . 

Fig. 26. Photograph of power rupply f o r  three-r t rgo fteqrunoy multi- 
p l i e r  (bottom vim) . 

5. Dir t r ibu t ion  Amplifier; 100 ko/8 9 

a. Desoription 

Tho 100-ko d i s t r i b u t i o n  amplif ier  oerveo ar a deooupling d o d o e  and 
suppl ies  100 ko/s a t  cont ro l lab le  power lsvelr aa required by various units 
of the m i a r m v e  frequsnoy rtasdard. 
6V6GT tube, operated as a cathode follower and four  output amplifier8 using 
6G60 tuber. 
sub r t i t u t ed  i n  all ampl i f ie r  sookets without W i n g  any other ahanges. 

The unit oolrtainr a buffer amplif ier  

If nore complete tube sh ie ld ing  I s  der i red ,  6V6 tubes may be 

b. Operation and eervioe i n ~ ~ t r u o t i o s r s  

The output amplif ier  tubes may be operated under clwr A or  o l a s r  C 
oonditions by adjustment of the input  control8 f o r  eaoh rtage. 
the comparatively low Q values of the output  t ranafomere ,  coneiderable 
harmoaio d i s t o r t i o n  w i l l  result in the output mder o l a r r  C conditions. 
This is no g r e a t  disadvantage, a8 i n  the following wits these harmonics 
are purposely generated in most ca808. 

Beoaucre of 

Alignment of t h e  trimer CondOn8er8 on t he  tranrforrnsrs f o r  maxi” 
output may be done by using a 1OO-ohn r e s i s t i v e  load and ind ioa t ing  meter. 
The two trimmers in eaoh t r a n s f o m r  are in para l l e l .  

Operating cha rac t e r i s t i c8  are M f o l l m r  8 

Power input t  

R-f  input8 

B-f outputs 

110 v., 60 o. a t  40 nnrtts approximately 

130 kc/s, 50 t o  100 mw a t  100 ohm 

four  outputs 100 k0/8, 100 mw maximum a t  100 o h  
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Distortion: approximate d i s t o r t i o n  i n  output ( l a rge ly  second harmonic) 
Class A: no load -60 ‘db 

100-ohm load -40 db 

Class Cs no load -45 db 
100-ohm load -25 db 

0 .  Parts l i s t  

Par t s  values not  given i n  t he  schematic diagram, Fig,  28, are as 
follows : 

T-1 through T-5; 100-kc transformers, Aladdin Radio Industr ies  p a r t  No. 
5-6568 with secondaries added over primary windings, cons is t ing  of  
30 turns of 7/41 l i t z  wire. Primary induotance i n  shield o w  11.1 
mh. 
‘135 p)rf each, connected in p a r a l l e l .  

Dual ceramic-mounted, a i r - d i e l e c t r i c  tuning condenser8 90 t o  

d. I l l u s t r a t i o n s  

Fig. 27. 

Fig. 28. 

Fig,  29. 

Fig. 30. 

Layout drawing of d i s t r i b u t i o n  amplifier;  100 kc/s 

C i rcu i t  sohemstic o f  d i s t r ibu t ion  amplifier;  100 ko/a 

Photograph of d i s t r i b u t i o n  amplif ier ;  100 kc/s ( top-front  view) 

Photograph of d i s t r ibu t ion  amplif ier ;  100 kc/s (bottom view) 

6, Adjustable-Frequency O s o i l l a t o r ;  600 t o  600 kc/s 

a, Description 

This o s c i l l a t o r  is used, i n  conjunction with the decade-frequency gener- 
a t o r  and the  frequency mul t ip l i e r  and dual frequency converter un i t s ,  t o  
give continuous frequenoies of Z O O  to 2,8 MC/S of higher s t a b i l i t y  and f i n e r  
control for use with t h e  main converter and mul t ip l ie rs .  

The o s c i l l a t o r  is a Lampkin Laboratories type 103, t o  which has been 
added a highly f i l t e r ed ,  regulated power supply and two radio-frequency out- 
pu t  stageso 
unchanged. 
d i r e c t l y  and i s  coupled through a low-pass f i l t e r  t o  the 500-ohm output 
stage. 
the  frequency converter and m w t ,  therefore,  be  very free of harmonic com- 
ponents. 
high harmonic output f o r  frequency monitoring purposes, By t h i s  mean# ,  the  
500 t o  600-kc o s c i l l a t o r  may be monitored on the same 2.0 t o  204 Mo band 
used f o r  one of t h e  other  o s c i l l a t o r s .  This gives the  pame number of C a l i -  
b t a t i o n  poin ts  on a l l  of t he  o s c i l l a t o r s  and higher degree of monitoring 
aocuraoy f o r  the 500 t o  600-kc unit, 

The o s c i l l a t o r  c i r c u i t  i n  the  Lampkin unit i e  e s s e n t i a l l y  
A oathode-coupled buffer s tage  dr ives  the  100-ohm output stage 

Output from t h e  500-ohm stage is used as a sourae of exoi ta t ion  for 

The 100-ohm output stage may be switched t o  R pos i t ion  giving 

The screw-adjustment type of cal ibrat ion-oorreot ion condenser has been 
replaoed with a dial-operated trimmer whioh a l so  aervo~ as a fine-range 
tuning condenser where extreme preoisfon i e  required. 
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b. 

The band-pass output transformers reduce t h e  hrmonic output and allow 

Operation and servioa i n s t ruc t ions  _... 
I-. 

low-impedance coupling t o  the converter un i t ,  
formere are over-coupled and loaded 8 0  as to  give e a s e n t i a l l y  f l a t  response 
throughout the operating band. Adjustment of the trimmers i s  moat e a s i l y  
oar r ied  out  by using t h e  proper load r e a i e t o r  (100 o r  500 ohms) and a 
vacuum-tube voltmeter on the output, s e t t i n g  the  o s c i l l a t o r  t o  515,kc/s and 
ad jus t ing  bo th  trimmers f o r  maximum output, repeating the adjustman'; s eve ra l  
times, 
should result i n  the  output being f l a t  within 1 db throughout the band. 

These double-tuned t rans-  

A f i n a l  check a t  each end of t h e  band, and readjustment i f  neoessary, 

The 1000-oh pi-sect ion gr id  f i l t e r  is s o  adjusted t h a t  the  m-derived 
half-sect ions offer maximum a t tenuat ion  t o  the seoond harmonic a t  d i f f e r e n t  
points  i n  the operating range. The operating parameters of  t he  6SK7 ampli- 
f i e r  s tage  a re  chosen f o r  m i n i m u m  harmonia output, 

The 6AC7 amplif ier  stage operates a t  a higher input  l eve l  and a high- 
pass network suppl ies  adequate harmoniu output f o r  monitoring the frequenoy 
a t  any multiple value up t o  the t en th  harmonic. 

_. 

The fine-tuning o r  cal ibrat ion-correct ion condenaer covers a range of 
f 3 main d i a l  d iv is ions ,  o r  approximately f 50 c/s a t  500 kc/s. 

Operating charac te r i s t ioa  a re  as follows L 

Power input:  110 vu, 60 c. a t  45 w a t t s .  

R-f output: 
-70 db, other  harmonics -100 db. 

(1) 500 t o  600 kc/a, 30 mw. a t ,200  t o  500 ohms, second harmoniq 

(2)  500 t o  600 ko/s, 100 mw. at 50 t o  100 ohms, o r  harmonica as 
high as 10th. 

Osc i l la tor  c o n s t q c y t  Short-time var ia t ions  (3-minute per iod)  less than 
1 p a r t  i n  2 million. 

Dial baoklasht l e s s  than 1 small d i a l  division. 

o o  Par ts  lirrt 

Par t s  values no t  shown i n  t h e  c i r o u i t  schematic, Fig. 32, are as followat 

T-1, T-2: Band-pass output transfonnere,  500 t o  600 ko/s 

p r i r  

p r i  loading: 
p r i  tuning: 

8.0: 

t e r t i a r y :  

185 turns  7/41 l i t 8  wire wound on 1/2' x 112. powdered-iron oore,  
inductanoe 0086 mho 

25,000-ohm 1/2 w a t t  r e s i s t o r  
adjustable  air-trimmsr, 5 t o  55 w, f ixed  s i lvered  mica 

similar t o  primary, except loading r e s i s t o r  60,000 ohns 1/2 watt 
26 turns 7/41 lite wire would ovar low-potential end of 

75 P r r o  

8 eo ondar y 
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spaoingt 

Pi-ne two rk f i 1 to r  3 

between ,primary and secondary core edges 1/8". 

L-4 x 

L-3, 

c-2, 
c-1 f 
c-4 t 

110 turns  7/41 l i t z  w i r e  wound on 1/2" x 1/2" powdered-iron oore, 
inductance 360 e. 

L-5: 
core, inductanoe 110 ph, 

C-3% 290ppf', s i lvered  mioa 
220 wlf, s i lvered  miaa 
173 w, silvered mioa 

60 turns  7/41 l i t z  wire wound on 1/2" x 1/2" powdered-iron 

d. I l l u s t r a t i o n s  

Fig. 31. Laygut drawing of adjustable-frequeney m o i l l a t o r ;  500 t o  

Fig. 32. Ci rcu i t  sohemrtio of adjustable-frequenoy oso i l l a to r ;  500 

600 kc/s e 

t o  600 ko/s. 

Fig. 33. raph of adjustable-frequency ooo i l l a to r j  500 t o  600 
( f r o n t  view). 

Fig. 34, Photo raph of adjustable-frequency oso i l l a to r ;  500 to 600 

Fig. 35. Photograph of table-f requenoy oso i l l a to r ;  500 t o  600 

k c j  ( top  view). 

kc/s (bottom view). 

7. Frequency Mul t ip l ie r  and Dual Frequenoy Converter; outputs 1500 t o  3000 
kc/8, 1000 t o  2000 k C / 8 ,  2000'tO 3000 kO/S 

a. Description 

This unit provides a means of using the output of the  deoade frequenoy 
generator and the low-frequenoy ad jus tab le  o s e i l l a t o r  t o  obta in  marker f r e -  
quencies and high-preoi8ion oomplete coverage i n  the dorowave spectrum. 
In this f" t ion,  i ts  output  i s  used with the main converter-multiplier 
equipment in place of t he  regular  2.0 t o  2 . 8 4 0  oro i l l a to r s .  

These three aux i l i a ry  units may a l 8 ~  be usad d i r e o t l y  o r  through harmonic 
generators as a frequency standard in the ~ U W ,  medium o r  high frequency range. 

The unit oontains three tunable ohrnnele covering t h e  rangee a8 given. 
The c i r c u i t s  of the three s t ages  aye i d e n t i c a l  with the  exoeption of the 
input oerupling arrangements and the inductance values of the f i l t e r  trans- 
formers. The seaond and th i rd  ohannelrr, normally used ae frscpeeacy con- 
ver te rs ,  may a l so  be used as frequenoy mul t ip l i e r s  by supplying t h e  proper 
frequencies a t  the left-hund input  jaakr,  

A8 shown i n  the sohsmrtia diagram, fig, 37, the f i r s t  tube (6AC7) i n  
each ohannel operates a8 a mul t ip l ie r  o r  oonverter. 
vo l t s  i s  supplied t o  the No, 1 gr id  i n  bath eases. 

An i bpu t  of 3 t o  6 
Zn the oonverter s tages ,  
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the lower frequency, which might have harmonics t h a t  fall i n  the desired 
output range, is supplied t o  the cathode a t  the low level of 0.1 t o  0.2 
v o l t  t o  suppress the generation o f  harmonica i n  the  converter tube. 

The f i r s t  6SK7 a m p l i f i e r  tube is operated under olaars G conditions w i t h  
the rectified g r i d  cur ren t  supplying a var iab le  bias t o  both the first and 
second tubes, thus supplying an automatic gain control  aotion. C o i l  wind- 
ings ate used which have considerably higher Q a t  the low-frequeaoy end of 
the operating band, thus giving a f a i r l y  oonstant impedance and uniform 
voltage gain throughout the band. 
a t  about 0.1 w a t t  t o  minimize t h e  generetion of harmonios. 

The 6517 output s t age  operates olass A 

Very oomplete sh ie ld ing  and decoupling networks reduos the in te r fe rence  
between the three  channels t o  a negligible amount. 

b, Operation and serv ice  in s t ruc t ions  

The adjustable  o s c i l l a t o r  should normnlly be w e d  with the, t h i rd  ohannel 
as this reduces by one the  number of cont ro ls  t h a t  m u s t  be kept  i n  tune as 
t h e  frequenay i s  varied.  If an output frequenoy i s  required, on whioh har- 
monic cross-over interferenoe i a  experienaed, the o s c i l l a t o r  may be w e d  
with the center  channel and the  interf'orenae thus eliminated by proper 
choice of the input  frequencies t o  the ooaverters.  
is exparienoed when f ixed frequencies only are used i n  the convarters.  

No harmonic in te r fe rence  

In  tuning the oonvorter ohannels one should be o s r t a i n  that t he  desireci 
output frequency is selecrted, a8 the  fundamental o r  harmonios of t he  fre- 
quencies applied t o  tha left-hand jaoka may be obtained if they fall w i t h i n  
the tuning ranges. 

A t  some points  i n  t h e  tuning ranges a slight double peaking effect may 
bs noticed due t o  mistracking or  t o  a s l i g h t  coupling baoklatih. 
ing adjustment of t h e  converter s tages  may be made f o r  t h e  c l e a r e s t  signal 
on the analyzer screen. 

F ina l  tun- 

For many of' the f ixed  frequency marker poin ts  only the frequency multi-  
p l i e r  channel need be used, 
2.8 Mc/s may be obtained by using t h e  mul t ip l i e r  and only one converter 
channel. 
channel a t  f u l l  power output. 

A l l  of t he  f ixed  f'requenoy poiots  from 2.0 t o  

Jarmonios as high a8 t h e  ten th  may be obtained from the  mul t ip l i e r  

Alignment is  ca r r i ed  out by ad jus t ing  the  trimmer condensers mounted i n  
Only those trimers with one end of the s l o t  notched are the  transformers. 

used (maximum capaci ty  oc~curs when t h e  notoh is t m a r d  oentcr  of transformer), 
The mul t ip l i e r  and f i rs t  converter ohannel are aligned f o r  maximum output a t  
the high-frequenoy end w i t h  t h e  d i a l s  s e t  a t  100, 
channel i s  s i m i l a r l y  aligned with the  d i a l  s e t  t o  80 f o r  the  high-frequenay 
end of t h e  band. 
and uniformity o f  gain and s l i g h t  readjwtmsnts  made i f  neaessary, 

The ssoond converter 

Each channel should be ohscked f o r  proper range coverage 
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Operating oha rao te r i s t i c s  a r e  as follormr 

T-1 

T-2 

T-3 

T-4 

T-5 

T -6 

T-7 

Power input: 110 v., 60 0 .  a t  70 watts 

R-f input: 

R-f outputs8 

untuned inputs,  voltage range 3 t o  6 vol t s .  

1600 t o  3000 ko/s, 1000 t o  2000 ko/s, 2000 t o  3000 ko/s 
at 100 ohm, 0.1 watt. 

Output puri ty:  Harmonics in output 
2nd -40 to -60 db 
3rd and 4th -50 t o  -70 db 
5th and higher -80 t o  -100 db 

f h m n i o  erorr~-over interferenoor  
frem 4th hannonio of o e o i l l a t o r  -55 db 
from 5th and higher harmonior -80 db 

Harmonio interferenoe between ohanno18 (ohanno1 No. 1 
at 1000 ko/e and ohsnnel HO. 2 rt 2000 ko/8) 

-80 db 

Znmnsl voltage gain; No. 1 (mul t ip l ie r )  65 db 
blo. 2 ( f i r e t  oonverter)  46 db 
Yo. 3 (rreoond oonverter) 35 db 

0 .  Par t s  l i s t  

Condenser and r e s i s t o r  data are given i n  t h e  sohenutio diagram, Fig. 37, 

Tunable f i l t e r - t r a m f o m a r  data are given in the  following tab le t  

Trans. f winding turn8 L epaoing er 
(ko/a (ph) looat ion 

800 40 66 314 inoh 
1600 to 3000 P r i  48 65 

1500 t o  3000 P r i  
seo 

1500 t o  3000 P r i  
sea 

1000 t o  2000 P r i  

1000 t o  2000 P r i  

1000 tQ 2000 P r i  

2000 t o  3000 Pri 

so0 

8 e O  

890 

8 eo 

40 
1 

40 
2 

72 
72 

72' 
2 

72 
3 

33 
33 

66 

65 

13s 
135 

135 

136 

30 
30 

over p r i  

over pri 

25/52 inch 

over p r i  

owr p r i  

3/4 inoh 
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'Trans a f 

T-8 2330 t o  3000 
( kc/s ) 

T-9 2000 t o  3000 

winding turns L spacing o r  
(MI location 

over p r i  
33 P r i  

880 1 

33 30 
over p r i  

P r i  
sec 1 1/2 I 

General c o i l  da ta  

On a l l  of the above transformers the c o i l s  are wound on l / Z n  x 1/2* 
On the powdered-iron core8 (Aladdin Radio Industr ies ,  p a r t  No, 10-101). 

f irst  transformer i n  each channel, separate core8 are used f o r  primary and 
seoondary windings with spacing between core edges as given. On the other 
transformers primary and seoondary wisdings a re  on the same cores. 
windings are o f  7/41 l i t z  wire, wound with a cam throw of 0.43 inoh; low 
impedance windings are of  l0/4l l i t e  w i r e .  

Tuned 

Tririuner condensers i n  t h e  first two ohannels are Sickles cow No. 

'Tuning oondensers are  fIsrmnarlund No. MCD-140-M, 
SD-3219, 3 t o  26 Wf, and i n  the  t h i r d  channel Siakles Co. No. SD-3157, 
5 t o  55 rvrf, 
each sect ion,  two two-gang units being used in  each ohannel. 

8 t o  14s ppf 

Shield cans are aluminum, Sickles Co., a i m  4" x 2" x 1-7/16" x Oe32u 
thio k. 

d. I l lus t r s t i o n s  

Fig. 360 Layout drawing of' frequency mul t ip l ie r  and dual frequenoy 
converter; outputs 1500 t o  3000 kc/s, 1000 t o  2000 ko/8, 2000 t o  
3000 ko/s . 

Fig. 37. Ciruui t  sohematic of frequenoy mul t ip l ie r  and dual frequenoy 
converter. 

Fig. 38. Photograph of freqwnoy multiplier and dual frequency converter 
( f ron t  view) 

Fig. 39. Photograph of frequency mul t ip l ie r  and dual frequency converter 
( top view). 

Fig. 40. Photograph of frequenoy mult ipl ier  and dual frequency converter 
(bottom view). 

8.  Beoade -e- frequency haerator; outputs at  100-ko in te rva ls  from 100 t o  1000 
ka/s 

a. Pasoription 

The decade frequency generator, when w e d  with the f requenoy mul t ip l ie r  
and dual f requewy oonverter, makes available frequenoies a t  100-kc in t e rva l s  
i n  the range 2.0 t o  2,8 Mc/s whiah are e n t i r e l y  uontrolled from the  primary 
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standard of frequency, 
frequencies throughout t h e  microwave spectrum by uae of the main converter 
and mul t ip l ie r  equipment. 
higher control  preoisian,  may also b e  obtained by using the  500-600 kc 
osc i l l a to r  with t h i s  equipment, 

of 100 kc/s i n  the decade range of 100 t o  1000 ko/s, a t  a power output of 
0.1 w a t t  each. 
is sa t i s fao tory  between 50 ohms and open-cirouit oonditionn, 
switches and output jaoks a re  provided.so t h a t  any o r  a l l  of t he  outputs may 
be operated a t  w i l l .  
input frequency through a pulse-forming crirouit arrangement whioh generates 
sharp pulses of approximately 0.5 miorosecond duration with Q peak power of 
about 1 w a t t .  
is approximately inversely pro i o  order. Tuned til- 
ters s e l e c t  and equalize the various harmonios. 
f i e r  tube with single-tuned transforxner ooupling i e  used for eaoh output fre- 
quency. These tubes are operated as o l a a s  A amplifiers with voltage and load 
values chosen t o  minimize harmonic output. 

These frequencies may-be used t o  generate marker 

Complete coverage, a t  a higher s t a b i l i t y  and 

The deoads frequency generator w i l l  furnieh,  simultaneously, harmonics 

Output impedance i s  nominally 100 ohms although performance 
Separate 

These frequenoies are obtained by passing t h o  100-ko 

With t h i s  adjus s n t  of the pulae output 

A Separate type 6SK7 m p l i -  

A separate repor t ,  '%kcads fraqueaoy generator", R213.1 b,  Feb. 25, 1946, 
gives detai led design and operational da ta  f o r  t h i e  unit;. 

b, Operation and service instruct ions 

The unit is sonnslly operated from a regulated a-o 6upply and will not 
give uniform output from the  various stages if tho l ine  voltage drops below 
about 105 vol ts .  As i n  any mult ipl ier ,  phase s h i f t s  oausing frequenay mod- 
u la t ion  i n  higher frequency stages m y  r e s u l t  i f  the  unit is operated from 
unregulated supply voltage, 

Realignment should seldom be required as all f i l t e r  c i r o u i t s  are tuned 
with air-trimmer o r  s i lvered mioa oondensers. 
procedure should be used a f t e r  allowing t h e  unit  t o  s t a b i l i z e  f o r  1/2 hour. 
Plug i n  100-kc input  and a l ign  the  pulse input  transfomer and the  10O-lco 
output transformer, 
should be used on the outputs during alignmaat with trimer adjustmant6 
progressing from harmonio bus t o  output o i r o u i t  in aequsnce. 
oscil loscope i s  useful  for observing t h e  pulre  wave-form an the harmnio 
bus and the  ra t io8  of the output etarges by obtaining Lisrajou figure#. 
should be noted that the trimmers i n  the out;put transformers are wired in  
p a r a l l e l  f o r  grea te r  range, a lso,  t he  300 t o  1000-ko grid input transformers 
each contain an unueed trimer. All used tri"or8 have been soribed a t  
cor rec t  r l i p a n t  points and should not  devi i ta  grea t ly  from these points. 
Par t icu lar  care should be observed on t h e  input t r i m o r 6  oonaeoting t o  the 
harmonic bus as these w i l l  tune t o  several  of the frequencies in most oaaes. 
After complete adjustment f o r  maximum output a l l  of t he  trimers should be 
rechecked with a l l  of the output8 operating. 

If neoessary, t h e  following 

A 100-ohm load r e s i s t o r  end vaouum-tuba voltmeter 

A wide-band 

It 



Operating charaoixwis t;ior, of the dawde-f rtquanoy generator &re as 
f o l l o m  : 

Power iuputr 31Q v e r  60 c .  at 75 w a t t s  

R-f input: 

R-f output;: 

110 ICC/S, 0.1 w a t t  a t  100 ohms 

100 to 1000 kc/s at 100-ko intervals, 0.1 watt arah at 
190 D h m r  

For one output only operating -- Z O O - o b  load, 4.6 to 6.5 volt8 
no load, 6 to 9 V o l t 8  

60 
65 
80 
50 
60 

65 
70 
80 
70 
60 

move are mizimvm values and are approximately the 8 m e  for a l l  or only 
m e  ~ u t p u t  ~1 kagc opt rating. 

C. Parts l i r t  

Condanrar nnd reo i s tor  data are given in the sohematio diagram, Fig. 42. 

--I_ 

Resonant filter trmoformsr d a h  are given in the following table. 

Trans, f US6 winding turns L par. cond, spacing 
b / S  I (rh) (w) (inohes) 

T-1 100 input Pri 500 ( e r t i -  11,100 
mrtod) 

8dC none 

T-3 200 grid Pri 400 
d)bC 400 

1,700 1400 
0 

4,100 125 
4,100 125 1 
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( spacinF inoher 
Trans. f us8 winding turns t par. c y d .  

( k c h  1 (uh) ( F W  
2 -4 

T-6 

T-6 

T-7 

T -8 

T-Q 

T-10 

T - l l  

T-12 

T-13 

T-14 

T-15 

T-16 

T-17 

T-18 

T-19 

T-20 

230 

300 

300 

400 

400 

40 0 

530 

500 

500 

600 

600 

600 

700 

700 

700 

800 

800 

p la$e 

grid'  

p la te  

ooupling 

grid 

plate  

coupling 

Grid 

plate 

c Dupl ing 

grid 

plate 

coupling 

grid 

p l a t e  

o oup 1 ing 

grid 

114 
16 

400 
400 

92 
3.4 

400 
250 

60 
200 

76 
12 

400 
200 

40 
160 

64 
11 

3 50 
150 

35 
135 

56 
10 

300 
125 

30 
116 

50 
9 

260 
100 

26 
100 

420 

4,150 
4,150 

960 

4,160 
1,000 

ao 
1,130 

190 

4,150 
1,130 

54 
725 

152 

3,170 
670 

42 
6 10 

116 

2400 
s 10 

32 
370 

90 

1,800 
310 

25 
3 10 

1430 

20 
20 

960 

50 

100 

750 

50 . 

100 

600 

70 

70 

550 

70 

70 

500 

70 

70 



4 2  - 
(inches spwlne Trans. f w e  winding tU2Tl8 L par.  aond. 

(kc/s 1 (PPf) 
T-21 800 p la t e  P r i  44 

S eo 8 

T-22 900 ooupling p r i  226 
sea 76 

T-24 900 p la t e  P r i  
s eo 

T-26 1000 ooupling p r i  
880 

T-26 1000 grid P r i  
8 0 C  

T-27 1000 pla te  P r i  
800 

22 
86 

42 
7 

200 
60 

20 
7s 

40 
6 

74 450 
0 

22 ' 

220 70 l/0 

65 400 

18 
180 100 1/8 

60 350 
0 

General o o i l  data 

On a l l  of the  above transformers primary and aeoondary windings are on 
separate  p d e r s d - i r o n  cores. 
e d g ~ s  i a  given. 

hole (Aladdin Radio Industries, p a r t  No. 10-101). 

Spaoing between primary and seoondary aore 

Core material: R-f powdered-iron, cyl indrioal  1/2" x 1/2" with 3/l@dia.  

Wirer Coil windings are of 7-strand Eo. 41 l i t 2  wire w i t h  the exoeption 

Two layers  o f  scotoh e leo t r ioa l  tape 
of t h e  p l a t e  transformer secondaries whioh are of 10/41 l i t e  wire. 
are universal  type, w i t h  a 6/16" throw. 
are plaeed between oores and windings and finished winding8 are ooated w i t h  
polystyrene oemnt .  

Windings 

Trimmer oonden6ersr Dual a i r -d ie leo t r io ,  oeramio-mounted trimmer om- 
denser8 (F. W. Siokles Co. No. SD-8157), 5 to 55 eaoh, are wed on a l l  
transfonaers exoept the 100-lca input  transformer which i a  an Aladdia Radio 
Industr ies  S-6568, having trimanera of 85 t o  125 ppf eaoh. 

Shunting oondensere t Where addi t ional  oapaoity is required, s i lvered 
mica oondenssrs are shunted aoro8s t he  var iab le  air-tr~mpmrs. 

Coil mounting: The ooila are mounted on the tuning oondensers by meane 
of' threaded bakel i te  rods of the proper length through the  hole8 i n  ths oore 
materiel and with bakeli te spaosrs where indioated. 
washer is used as a re ta in ing  nut. 

A threaded bakel i te  



Output leads: 
panel jacks art mite with f l ex ib l e  concentric conduotors w i t h  the sh ie lds  
grounded a t  the jacks, 

The connections between the output transformers and the 

Shield cansr Aluminum shield cans are from F. W. Sickles Go., s izo  
4" x 2w x 1 7/16* x 0,032" thick. 

Indwtance valuesr A l l  inductance value8 a re  given as assembled f o r  
use w i t h  shield cans and primary and seoondary oores i n  plaoo. 

d. I l l u s t r a t ions  

Fig, 41, Layout drawing of decade frequency generator; outputs a t  
100-kc interval8 from 100 t o  1000 ko/s. 

Fig. 42. Ciroui t  echematic of decade froquonoy generator 

Fig, 43. 

Fig. 44. 

Fig, 45, 

Photograph of decade froquenoy generator ( f ron t  v i m ) .  

Photograph of decade frequenoy generator (top view), 

Photograph of decade frequenoy' generator (bottom view) , 

9. H a m n i c  Series  Generator 

a. Description 

This unit contains three o l a sa  C amplifier atages, using 6AC7 tubes, 
and having a high degree of  intermodulation through use of a common plat0 
load res i s tor .  
numerous check points  i n  any desired region of the low, medium or high 
frequency spectrum. 
10 kc/s are  used i n  checking or monitoring the adjustable osc i l la tora .  
audio-frequency interpolat ion o s c i l l a t o r  wi th  a rang. of 0 t o  6000 o/s i a  
used f o r  determination of values bstwsen these cheok points ,  

The untuned inputs  may be aupplied with frequenoiea t o  give 

bTormally, standard-frequency inputs of 100 ko/s and 
An 

The th i rd  input channel may be operated a t  very low lev81 a t  a21 audio 
frequency (usually 1000 c/8) f o r  very aoourately Eero-beating the 08oi l la -  
t o r s  t o  these check points  f o r  oa l ibra t ion  purpose8, 
arrangement, the  receiver  '"S" meter may be used as a very low beat indicator.  

A8 an a l t e rna te  

The unit  also contains mixing controls  f o r  adjuating the r e l a t ivo  levo18 
of the  standard and unknown frequanoies a t  the receivor input, 

b. Operation and service instruct ion8 

In operation, the  proper input and output conneotions a r e  completed and 
the  control  dials s a t  f o r  most sons i t ive  conditions. Use of a fixod l f ao  
insertion-type at tenuator  (20 db) f o r  reduoing the output from the addustable- 
f r e q e n o y  osa i l l a to r s  gives a smoother adjustment of the  mixing oontrols. 



10 

11 

Operating characteris t i c s  are aa f o l l m  I 

Power inputt  110 V. 60 o, a t  36 watts 

R-f inputr nominally 100 kc/s, 10 ko/s and 1 ko/s a t  600 o m ,  0.1 watt 

R - f  outputt output s u f f i c i e n t  for frequency measurement8 up t o  100th 
harmonic (10 Mo/s for 100 ko/s input)  

0. Part8 l i r t  

Values of a l l  components are given in the sohematio diagram, Fig. 46. 

d. I l l u s t r a t i o n s  

Pig. 46, 

Fig, 47. 

Circui t  sahematio of harmonic series generator. 

Photograph of harmonic series generator (tap-front vim). 

Fig. 48. 

Audio Frequsnoy Interpolat ion Oeoillator 

Photograph of harmonio series generetor (bottom view), 

This un i t  i s  a h n e r a l b d i o  type 6 1 7 4  b t e r p o l a t i o n  O r o i l h t o r .  

Operating aharac te r i s t ios  are as follow8 t 

Power input;  110 v., 60 0 .  at 20 w a t t s  

A-f output; 

Aocuraoy f 1 o/s when standardiaed a t  inteX'V818 o f  100 0 / 8 .  

ldulti-Band Reoeiver and Monitoring Speaker 

The receiver  i s  a Notional Co. NC-200 RG raok-munting type; frequsnoy 

o t o  6000 o/s a t  7 vo l t a ,  20,000 ohma 

range 490 t o  30,000 ko/s; oomplete with panel mounted rpeeker. 

Power omsumption i s  approximately 100 mtk. 

12. Wide-Bmd Osc i l lo s~ope  

The oscilloscope is  a 3-inch, raolc-munted type muzuf'wtured by Researoh 

Frequency Divider3 100 ko/s t o  10 ko/r to 1 ko/s t o  0.1 Lo/#. 

This unit is  a H e w l e t t  Paokard 1004 Low Freqwnoy Standard. 

Construation Co., Cambridge, Mass. 

13, 

The 100-ko 
orys ta l  supplied with the unit  was removed urd t he  O r O i l h t O r  tube oonverted 
t o  a 100-ko buffer amplifer by supplying a rtaaderd-frequenoy voltage from one 
of the d i s t r ibu t ion  amplifier output8 t o  t h e  gr id  of this tube. Thir input  i s  
oonnseted through the  terminals on the rear of the u n i t  normally used for  
100-ko output. Output from t h e  d i s t r ibu t ion  llJnplifler i s  a d j u s b d  t o  the 
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center of the range which gives a stable 10 to 1 division. 
stages should require no adjustment. 
case and supplied with a bottom cover and a ventilated dust cover. 

The other divider 
The unit was removed from the wooden 

Aoknow1edp;msnte 

Grateful acknowledgment i s  given to Messrs. V .  E .  Heaton and R. H, 
McCraokan for their aesiatanoe in the design and construction of the equip- 
ment, 

Thanks are also due Me8sre. F. J. Gaffney, L, B. Young, P. A .  Hower and 
N. C. Colby of the MIT Radiation Laboratory for  their he lp .  

September 1946. 
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